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Abt.  L — Notieea  cf  Recent  Earthquakes  ;  by  Prof  C.  G.  BocK- 

WOOD,  Jr.,  Bowdoin  College. 

1.  Ok  January  16,  1872,  an  earthquake  almost  entirely 
destroyed  the  city  of  Shamaka  in  Russia.  Over  one  hundred 
persons  are  reported  to  have  been  killed  and  a  large  amount  of 
proi)ertT  destroyed,  scarcely  a  building  having  been  left  stand- 
mg  in  the  city.  The  earthq  uake  was  felt  over  a  laige  extent  of 
the  surroundmg  country.  Shamaka  is  a  city  of  26,MX)  inhabit- 
ants, lying  at  the  soutnem  base  of  the  Caucasus  Mountains, 
and  about  76  miles  west  of  the  Caspian  Sea. 

2.  On  February  6,  at  8  o'clock  A.  M.,  a  slight  shock  of  earth- 
quake was  felt  at  Wenona,  Mich.  A  letter  m)m  Ed.  D.  Cowles 
of  that  place,  states : — '*The  shocks  were  three  in  number  and 
lasted  altogether  about  thirty  seconds,  the  vibrations  travelling 
fix)m  the  K.N.K  They  jarred  buildings  and  were  plainly 
observable  by  persons  out  of  doors,  and  were  characterized  by 
that  peculiar  rumbling  sound  which  is  noticed  in  subterranean 
vibrations." 

8.  On  February  8,  at  about  6  A.  K.,  a  slight  earthquake 
occurred  at  Cairo,  IlL  A  letter  (in  my  possession)  from  Gea 
Kaber  of  Cairo  to  Clinton  L.  Conkling  of  Springfield,  BL,  gives 
the  following : — "  I  was  in  bed  on  the  second  floor  of  a  brick 
dwelling  house.  It  seemed  to  me  that  something  struck  the 
head  oimy  bed  with  considerable  violence  from  the  southeast, 
making  quite  a  noise  and  shaking  the  entire  house.  The  shak- 
ing continued  for  several  seconds  with  varying  intensity.  I 
suppose  that  fully  twenty  seconds  elapsed  before  it  finally 
oeased.    Persons  who  were  up  at  the  time  seem  to  think  that 
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the  vibrations  were  from  N.W.  to  S.E.  I  tliink  they  were 
the  other  way,  froia  S.E.  to  N.W.  No  damage  was  done  by 
the  shock." 

4.  On  March  6,  a  despatch  from  Berlin,  Prussia,  says: — 
"  Shocks  of  earthquake  were  felt  this  afternoon  simultaneously 
in  Dresden,  Pima,  Schandau,  Chemnitz,  Bodenbach,  Weimar 
and  Rudolstadt  The  movement  was  not  violent,  but  was  more 
or  less  perceptible  at  intervals  for  over  an  hour." 

6.  On  March  26,  the  State  of  California  was  visited  by  an 
earthquake  more  severe  than  any  that  has  occurred  there  for 
some  years. 

The  main  shock  occurred  at  about  2*>  25"  A.  M.,  and  was 
felt  throughout  the  length  of  the  State,  from  Red  Bluflf  on  the 
north,  to  San  Pedro  on  the  south,  thus  extending  over  6J  de- 

grees  of  latitude,  and  from  the  Pacific  coast  inland  to  Yii^ginia 
ity,  Nev. 

The  time  of  this  shock  is  variously  reported  from  2*»  10™  at 
Jackson  to  2*>  45*"  at  White  Pine,  Nev.  The  discrepancies  are 
doubtless  due  partly  to  diflerence  of  longitude,  and  partly 
to  thie  irr^ulanty  of  watches.  The  most  probable  time  seems 
to  be  that  given  above,  which  is  the  time  reported  from  Visalia 
and  Independence,  where  the  shock  was  heaviest 

The  duration  of  this  first  shock  was  estimated  bv  different 
observers  at  from  2  or  8  seconds  to  S  minutes.  The  general  esti- 
mate was  about  one  minute. 

The  region  shaken  was  the  eastern  and  western  slopes  of  the 
Sierra  Nevada,  and  the  Sacramento,  San  Joaquin  and  Tulare 
valleys,  extending  southward  even  into  Mexico.  (A  shock  was 
reported  in  the  City  of  Mexico,  and  in  several  of  the  Mexican 
States,  on  the  same  day,  and  presumed  to  be  synchronous  with 
the  one  in  California,  althougn  the  exact  time  was  not  given.) 
The  shock  was  most  violent,  and  caused  the  greatest  damage  in 
the  Owen's  river  valley,  Inyo  Co.,  which  is  situated  east  of 
the  Sierra  Nevada,  near  to  its  southern  extremity,  and  in  a 
region  covered  with  tokens  of  former  volcanic  action.  In  other 
places  no  lives  were  lost,  and  not  much  property  destroyed. 

There  is  great  discrepancy  in  the  reported  direction  of  the 
vibrations,  but  in  most  places  they  appear  to  have  been  trans- 
verse to  the  mountain  system,  or  in  a  general  N.E.  and  S.W. 
direction.  In  Lone  Pine  the  fallen  houses  seemed  to  have 
been  pushed  toward  the  N.E. 

In  many  places  the  first  heavy  shock  was  followed  by  a 
series  of  lesser  ones,  closing  with  a  stronger  one  at  a  few  min- 
utes after  six  a.  m.  And  m  the  neighborhood  of  the  moun- 
tains the  slight  shocks  continued  to  be  felt  at  intervals  for  some 
days  or  even  weeka  Thus  a  letter  from  Visalia,  dated  April 
12,  says: — '^Ever  since  the  first  shock  of  the  earthquake  we 
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have  had  from  day  to  day  slight  shocks, — ^at  least  from  three  to 
five  per  day, — not  sufficient  to  do  any  damage,  but  still  some- 
what exciting.* 

The  village  of  Lone  Pine,  eighteen  miles  south  of  Indepen- 
dence, in  the  Owen's  river  valley,  and  a  place  of  some  500  in- 
habitants, was  greatlv  damaged  by  the  earthquake,  and  here 
was  almost  the  only  loss  of  Ufa  Over  fifty  adobe  houses  were 
shaken  into  ruins,  and  in  their  fall  twenty-seven  persons  were 
killed  and  thirty-four  others  seriously  injured.  Frame  houses 
were  shaken,  but  not  thrown  down.  At  Independence  also 
many  buildings  were  prostrated  and  a  few  lives  lost 

In  this  valley,  and  at  some  other  places,  the  shocks  were  pre- 
ceded and  accompanied  by  a  loud  rumbling  sound,  which  is 
described  as  being  *'like  a  train  of  cars  or  like  distant  artillery." 

Mention  was  made  in  the  first  accounts  of  large  fissures  in 
the  ground,  fires  seen  in  the  mountains,  etc ;  but  these  re- 
ports do  not  seem  to  be  confirmed  by  the  later  advices.  The 
level  of  Owen's  lake  is  also  said  to  have  risen  four  feet 

That  the  shock  extended  under  the  ocean  is  proved  by  the 
schooner  Beal,  which  was  becalmed  in  the  straits  off  San  Pedro, 
and  waB  so  much  injured  that  she  made  the  port  with  difficulty. 
It  is  also  worthy  of  mention  that  the  volcano  of  Colima  m 
Mexico  was  reported  in  violent  eruption  and  throwing  out 
clouds  of  ashes  on  April  4,  a  few  days  after  the  earthquake. 

The  above  is  gathered  mostly  from  the  numerous  accounts 
published  in  the  newspapers  of  San  Francisco ;  and  for  aid  in 
collecting  them,  my  tnanks  are  due  to  C.  G.  Rockwood,  Esq., 
of  Newark,  N.  J.,  J.  C.  Smith,  Esq.,  secretary  of  the  Merchants' 
Exchange  and  News  Association,  New  York,  Rev.  D.  W.  Poor, 
D.D.,  oi  Oakland,  CaL,  and  John  A.  Keyes,  postmaster  at 
Yisalia,  CaL 

It  is  to  be  hoped  that  more  full  and  careful  scientific  accounts 
of  the  physical  phenomena  may  have  been  collected  by  some 
person  on  the  spot,  and  that  they  may  in  due  time  be  given  to 
the  public. 

6.  A  slight  shock  was  reported  at  Paducah,  Ky.,  on  the 
morning  of  March  26,  and  another  at  Salt  Lake  City,  Utah,  at 

*  The  fbUowiiig  later  news  has  appeared  in  the  columns  of  the  San  Francisco 
BoUetin: 

**Ltme  jPhm,  ICay  17,  1872. — ^We  had  such  a  shake  to- day  as  we  have  not  had 
sinoe  the  26th  of  March,  when  the  town  was  reduced  to  ruins.  There  has  been  no 
owiation  of  the  shocks,  in  fact,  ever  since.  The  odIj  difference  is  that  some- 
times  ^ey  are  quite  heavy,  and  again  comparativelj  light  A  remarkable  fact, 
bowever,  is  that  the  shocks  are  no  longer  long,  and  like  a  sea  swells  but  are  short, 
iharp,  and  appear  to  describe  a  circle.  I  was  sitting  in  the  parlor  of  my  house 
to-day  when  &e  shock  came,  about  one  o'clock.  It  had  been  preceded  by  several 
B(^ter  agitations,  accompanied  by  the  inevitable  rumbling  sound.  Every  timber 
i&  ^  hoose  d)o6k,  tiie  fUmiture  in  the  room  was  violently  di8tu|)>ed,  and  I  was 
ietaiUy  thrown  ttom  my  seat    The  shock  lasted  some  thirty  seconds." 
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1  P.  IL,  March  28.     These  may  have  been  part  of  the  Inyo 
earthmiake. 

7.  On  April  8,  at  8  o'clock  A.  IL,  a  severe  earthquake 
destroyed  a  large  part  of  the  ancient  city  of  Antioch  in  Syria. 
The  shock  lastra  over  40  seconds,  and  the  wave  travelled  from 
east  to  west  It  was  accompanied  by  a  noise  i  *'  like  distant 
thunder  or  artilleir."  Lighter  shocks  continued  to  be  felt  at 
irregular  intervals  lor  at  least  a  week  after  the  first  one.  Very 
many  buildings  were  shaken  down,  filling  the  narrow  streets 
with  the  d^ris  and  burying  hundreds  of  the  inhabitants 
beneath  the  ruins.  The  number  of  killed  is  estimated  at  1,000 
to '1,600  and  many  more  were  left  without  shelter.  The  old 
Boman  bridge  of  four  arches  is  rent  in  several  plaoe&  The 
villages  south  of  the  Orontes  river  were  also  much  injured ; 
but  comparatively  little  harm  was  done  north  of  the  city. 

8.  A  despatch  fix>m  Copenhagen,  May  14,  gives  the  follow- 
ing : — "  A  schooner,  which  arrived  here  to-day  from  Iceland, 
reports  a  series  of  violent  earthouake  shocks  at  Hasvick  on  the 
16th,  17th  and  18th  of  April.  Twenty  houses  were  destroyed, 
and  several  persons  were  mjured,  but  no  lives  were  lost" 

9.  The  recent  grand  eruption  of  Mt  Vesuvius  is  interesting, 
as  being  possibly  connected  with  the  phenomena  recorded  above. 
This  eruption  first  assumed  noticeable  proportions  on  the  night 
of  April  24,  1872,  when  a  flow  of  lava  was  added  to  the  flames 
and  smoke  which  had  for  months  adorned  the  summit  of  the 
mountain.  On  the  night  of  the  25th,  a  chasm  opened  in  the 
side  of  the  cone,  from  which  issued  a  torrent  of  lava ;  the  whole 
occurring  so  suddenly  as  to  overtake  and  destroy  a  number  of 
the  spectators  who  were  watching  the  eruption.  The  flow  of 
lava  continued  two  or  three  days,  overwhelmed  two  villages, 
and  buried  a  considerable  extent  of  cultivated  land.  The  erup- 
tion finally  ended  with  a  shower  of  stones  and  volcanic  sand, 
which  fell  in  the  streets  of  Naples  to  the  depth  of  several  inches. 
The  eruption  was  attended  with  the  usual  local  tremblings  of 
the  earth. 

Brunswick,  Me.,  May  81,  1872. 


Art.  II. —  ContributUms  from  ike  Physical  Laboratory  of  Harvard 
College  ;  No.  HL  Cht  the  Electrical  Condition  of  Oas  Flames  ; 
by  John  Trowbridge,  Assistant  Professor  of  Physics. 

Prof.  H.  Burr,  of  the  Universitv  of  Giessen,  has  published 
in  the  Annalen  der  Chemie  und  Pnarmacie,  vol.  Ixxx,  1,  and 
in  the  Phil.#Mag.  of  Feb.,  1852,  an  investigation  of  the  electri- 
cal properties  of  flames.      He  reviews  at  first  the  diflferent 
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lieories  in  regpd  to  the  sabject ;  Bec(]^aerel,  for  instance,  finda 
dectric  opposition  in  all  directions  in  flames  which  depend 
ipon  the  difference  of  the  temperature  of  the  metals  immersed 
n  them.  Fouillet  recognizes  a  motion  of  electricity  only  from 
h»  interior  to  the  exterior,  and  hence  also  from  the  base  to  the 
lammit  of  the  flame;  Hankel,  however,  finds  a  motion  the 
"everse  of  this  in  the  flames  produced  by  the  ignition  of  spirits, 
ind  states  that  it  is  independent  of  the  temperature  of  the  im- 
nersed  conductor. 

Prof.  Buff  then  gives  the  following  as  the  results  of  his 
nvestigation : 

L  Oaaeous  bodies  which*  have  been  rendered  conductible  by 
\\xoTka  heating  are  capable  of  exciting  other  conductors,  solid 
ks  well  as  gaseous,  electrically. 

2.  When  a  thermo-electric  circuit  is  formed  of  air,  hydrogen 
>r  carburetted  hydrogen,  alcohol  vapor,  charcoal,  or  finally  a 
netal,  whether  combustible  or  incombustible,  an  electric  current 
8  developed,  which  proceeds  through  the  air  from  the  hottest 
>lace  of  contact  to  the  less  warm  place. 

8.  The  development  of  electricity  which  has  been  observed 
n  processes  of  combustion,  and  particularly  in  flames,  is  due  to 
hermo-electric  excitation,  and  stands  in  no  immediate  connec- 
ion  with  the  chemical  procesa 

4.  The  products  of  combustion  do  not  therefore,  by  any 
neans,  occupy  the  relation  to  the  burning  bodjr  whicn  has 
)een  assumed  by  Pouillet ;  if  positive  electricity  rises  with  the 
isceodinff  gases,  it  is  only  in  the  degree  in  which  the  air  exterior 
o  the  place  of  hottest  contact  is  connected  by  a  proper  con- 
luctor. 

The  following  are  the  results  which  I  have  obtained  in  test- 
ng  the  electrical  condition  of  the  flame  of  a  Bunsen  burner 
fith  a  Sir  William  Thomson's  quadrant  electrometer.  The 
l^grees  given  refer  to  the  arbitrary  divisions  of  the  scale,  upon 
irhich  a  spot  of  light  is  reflected  firom  the  mirror  of  the  instru- 
nent 

Upon  connecting  the  testing  plate  of  one  pair  of  quadrants 
)f  tne  instrument  with  the  flame,  while  the  other  pair  were 
x>nnected  with  the  metallic  burner  and  with  the  earth,  the 
lame  was  found  to  be  negatively  electrified. 

The  following  are  some  of  the  experiments  selected  irom  a 
series  that  were  made; 

Exp.  1.  Flame  12  c  m.  hish ;  plate  at  the  height  of  7  c.  m. 
A.  n^ative  indication  of  130  ,  very  steady. 

Exp.  2.  A  platinum  wire,  substituted  for  the  plate,  and 
meeting  the  flame  8  c  m.  above  the  burner,  gave  a  deflection  of 
BO^  in  a  n^ative  direction.  ^ 

Exp.  8.  With  the  testing  plate  just  above  the  tip  of  the 
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flame,  the  instrument  showed  a  positive  deflection  of  70  to  80 
degrees. 

Exp.  4.  With  the  testing  plate  6  mm.  from  the  outer  sur- 
face of  the  flame,  on  all  sides,  a  feeble  positive  chaige  was 
obtained,  the  air  in  contact  with  the  flame  being  apparently 
charged  positively,  the  indication  in  no  case  exceeding  fifty  or 
sixty  degrees  on  the  scale  of*the  electrometer. 

Exp.  5.  The  metallic  tip  of  the  burner  was  found  to  be 
chained  positively,  giving  an  indication  closely  agreeing  in  the 
number  of  degrees  with  that  corresponding  to  the  negative  in- 
dication of  the  flame.     This  indication  was  quite  constant 

Exp.  6.  When  a  glass  tip  was  substituted  for  the  metallic  tip, 
no  charge  was  found  upon  it  This  was  the  case  when  any 
nonKX)nducting  body  formed  the  tip. 

Exp.  7.  A  glass  tip  having  been  substituted  for  the  metallic 
one,  a  platinum  wire  was  inserted  below  the  orifice  and  caw- 
fully  pushed  upward  until  it  occupied  the  centre  of  the  in- 
terior cone  of  nama  A  very  feeble  indication  of  negative 
electricity  was  the  result 

While,  with  the  Bunsen  burner,  the  flame  and  the  metallic 
tip  are  in  decided  electrical  opposition ;  the  one  having  a  nega- 
tive charge  and  the  other  a  nearly  equal  positive  charge ;  in 
spirit  flames  the  two  opposite  states  recombine,  the  wick  of  the 
lamp  and  the  fluid  contained  in  the  vessel  connecting  the  two 
charges.  The  flame,  therefore,  merely  takes  the  potential  of 
the  atmospheric  electricity  at  the  place  where  it  is  situated. 

The  electrical  condition  of  the  flame  of  a  Bunsen  burner 
when  tested  by  a  sensitive  galvanometer  gives  in  the  main  the 
same  results  as  those  obtained  by  Prof.  Buff  from  spirit  flames. 
The  quantity  of  electricity  in  the  current  passing  fix>m  the  flame 
to  the  tip  is  exceedingly  small ;  whereas  we  have  seen  above 
that  the  terminal  immersed  in  the  gas  flame  has  a  tension  a 
little  exceeding  that  of  the  negative  pole  of  a  DanielVs  element 

The  air  in  the  room,  at  the  time  the  above  experiments  were 
first  performed,  was  charged  positively  to  about  the  tension  of 
the  positive  pole  of  twelve  Daniell's  elementa  The  experi- 
ments were  afterward  repeated  when  the  air  in  the  room  indi- 
cated a  negative  charge,  with  no  difference  in  the  results. 

At  the  suggestion  of  Dr.  Wolcott  Gibbs,  Eumford  professor, 
I  tried  the  above  experiments  with  a  Bunsen  blast  lamp,  by 
means  of  which  I  could  increase  the  heat  and  the  flow  of  air  and 
gas  at  pleasure.  Slight  deviations  irf  the  scale  readings  were 
obtained  by  this  means  :  the  flow  of  air  appeared  to  affect  the 
charge  of  electricity  upon  the  metallic  tip,  rendering  it  less  con- 
stant The  above  experiments  were  in  the  main  confirmed. 
The  nature, of  the  metallic  plate  submitted  to  the  flame  and 
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the  degree  to  whicli  it  was  heated  appeared  to  have  a  very 
dight  influence  upon  the  charga 

Sir  William  Thomson,  in  the  proceedings  of  the  Literary  and 
Philosophical  Society  of  Manchester,  March,  1862,  has  a  paper 
upon  the  electricity  of  the  air  in  rooms.  He  finds  that  it  is 
^nerally  negative.  By  placing  a  spirit  lamp  upon  the  prime 
conductor  oi  an  electrical  machine,  he  was  enabled  to  change 
the  tension  of  the  air  from  a  positive  to  a  negative  state  and 
the  reversa  He  carefully  separates  the  results  obtained  from 
the  idioelectric  effect  of  the  flame,  which,  he  states,  in  no  case 
gave  a  tension  equal  to  either  pole  of  a  Daniell's  element. 

During  the  past  winter  observations  made  in  the  laboratory 
tend  to  confirm  these  views.  I  have,  however,  found  on  some 
iays  the  air  within  strongly  positiva  The  room  is  in  the 
Dorth-west  comer  of  the  biulding,  and  there  was  a  strong  north- 
west wind  blowing  at  the  times  this  was  observed.  I  noticed, 
also,  while  experimenting  with  the  flame  of  a  Bunsen  burner 
placed  near  tne  water  dropper  used  by  Sir  William  Thomson 
m  investigating  the  electrical  state  of  the  atmosphere,  that  the 
positive  charge  of  the  air  in  the  neighborhood  greatlv  decreased, 
uid  in  some  instances  became  feebly  negative,  by  the  presence 
Df  the  flama 

The  popular  idea  that  great  fires  are  followed  by  a  change 
in  the  atmosphere  inducing  rain,  does  not  seem  to  oe  unwar- 
ranted from  an  electrical  point  of  view.  The  electricity  of  the 
edr  during  cloudy  and  rainy  weather  is  generally  negative  or  at 
the  most  feebly  positiva  The  flames  being  negative  would 
tend  to  change  a  strong  positive  charge  in  clear  weather  to  a 
negative  one,  and  thus  bring  the  air  to  the  state  noticed  in 
cloudy  and  rainy  weather. 

The  following  are  the  conclusions  to  which  the  above  ex- 
periments lead : 

1.  The  flame  of  a  Bunson  burner  is  negative  while  positive 
electricity  accumulates  on  the  burner  itself,  if  it  is  a  good  con- 
ductor. With  orifices  made  of  non  conductors,  no  charge  was 
found  upon  the  tip. 

2.  The  stratum  of  air  in  contact  with  the  outer  cone  of  flame 
is  slightly  charged  with  positive  electricity.  The  partly  con- 
sumed gas  of  the  interior  cone  is  neutral 

S.  The  presence  of  flames  tends  to  change  the  nature  of  the 
atmospheric  electricity  at  the  given  place,  reducing  a  positive 
tension  to  a  feebly  n^ative  ona 
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18.  If  we  include  in  the  curve  of  effeotive  molecular  action 
the  external  electric  attraction  which  we  have  seen  may  arise 
within  the  sphere  of  what  has  been  called  the  e£fectiye  external 
repulsion,  it  will  be  seen  that  the  curve  beyond  Oc  should  be 
raised ;  and  that  when  an  effective  attraction  supervenes,  and 
determines  a  chemical  union,  it  will  pass  entirely  above  the  zero 
line,  from  c  to  a  certain  distance  beyond  Od  But  instead  of 
this  the  result  may  be  that  it  passes  above  the  zero  line  for  a 
certain  distance,  beginning  at  a  point,  say  a\  beyond  c,  or  even 
d  That  is,  an  effective  external  repulsion  may  be  in  operation 
over  a  distance  ca',  and  be  succeeds  by  an  exteimal  attraction 
for  a  certain  distance  beyond  a' ;  and  accordingly  a'  will  be  a 
second  point  of  stable  equilibrium.  Such  an  external  effective 
attraction,  succeeded  at  less  distances,  down  to  c,  by  a  repul- 
sion, is  apparently  the  determining  cause  of  all  phenomena 
that  result  from  bodies  of  matter  coming  into  contact,  which 
do  not  terminate  in  a  chemical  union.  As  this  attraction  ope- 
rates through  a  certain  distance  before  the  equilibrium  is  esta- 
blished, more  or  less  heat  is  generally  given  out 

We  recognize  it  (1)  as  the  force  of  adhesive  attraction  between 
solids  and  liquids  (which  experiments  have  shown  to  be  veiy 
feeble  in  comparison  with  the  cohesive  attraction  that  consti- 
tutes the  general  force  of  tenacity  of  the  molecules  of  the 
liquid),  of  which  capillary  attraction  is  one  mode  of  manifesta- 
tion :  (2)  as  the  similar  force  by  which  gases  are  compressed  on 
the  surmces  of  solids  and  liquids,  or  into  their  pores,  with  the 
evolution  of  heat :  (8)  as  the  operative  cause  of  the  diverse 
phenomena  of  lijuid  eLud  gaseous  diffusion.  To  understand  how 
it  is  capable  of  producing  such  effects,  we  have  only  to  reflect 
that  at  the  surface  of  contact  of  two  liquids,  or  gases,  the  force 
in  question  should  come  into  operation  between  the  dissimilar 
molexiules  posited  on  opposite  sides  of  the  surface,  and  that 
the  result  must  be  that  tne  molecular  repulsion  exerted  by  the 
similar  molecules  of  either  liquid  or  gas,  on  one  side  of  the 
sur&ce,  will  urge  those  lying  near  it  to  the  opposite  side. 
This  should  happen,  in  the  case  of  a  gas,  even  though  the 
force  under  consideration  should  not  amount  to  an  effective 
attraction,  but  should  only  diminish  the  repulsion  between 
the  dissimilar  moleculea  In  this  fact  we  see  the  reason  why 
all  gases  interpenetrate  each  other.  The  diffusion  should  not 
stop  until  the  two  gases  become  a  uniform  mixture,  since  as 
long  as  an  ideal  plane  can  be  taken  within  the  gaseous  mass, 
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>n  opposite  sides  of  which  the  number  of  molecules  of  the  two 
dndB  is  not  the  same^  the  repulsion  that  takes  eflfect  across  this 
)lane  will  be  of  a  less  intensity  than  that  which  is  directed 
owardit 

Since  the  force  of  electric  attraction  that  comes  into  play 
)etween  two  dissimilar  gaseous  molecules,  lying  on  opposite 
ides  of  the  sur&ce  of  contact,  is  of  the  same  intensity  for 
sach  molecule,  and  the  molecular  repulsion  of  each  gas  is  the 
ame,  the  velocity  of  diffusion  of  eacn  should  be  inversely  pro- 
x>rtional  to  the  square  root  of  the  densitv ;  which  is  the  run- 
lamental  law  of  gaseous  dilB^sion  established  by  Professor 
haham.  In  the  case  of  two  liquids  the  result  is  not  precisely 
he  same,  since  the  molecular  repulsion  may  be  of  different 
ntensities  for  the  two  liquids,  and  nence  the  moving  forces  of 
he  two  dissimilar  molecules  may  be  unec^ual.  This  repulsion 
s  generally  least  for  the  more  viscid  hquid.  The  general 
-esult,  however,  is,  as  in  the  case  of  a  gas,  that  the  fluid  whose 
specific  gravity  is  tbe  least,  penetrates  most  rapidly  into  the 
>ther. 

It  may  be  added  that  the  external  attraction  under  considera- 
ion  is  also  the  force  which  gives  to  liquids  their  solvent  power. 

14  When  two  substances  combine  in  several  different  propor- 
ions,  the  force  of  a£Binity  is  ordinarily  weaker  in  proportion  as 
he  number  of  primitive  molecules  (*' atoms")  of  the  one  that 
combine  with  one  of  the  other  is  greater.  This  may  be  ascribed 
o  the  circumstance  that  each  new  combination  withdraws  a 
)ortion  of  the  electric  ether  from  the  sides  of  the  molecules  on 
irbich  union  has  previouslv  taken  place,  and  occasions  a  collapse 
>f  the  envelopes  there.  The  result  of  this  should  generally  be 
hat  the  molecular  attraction  subsisting  there  is  weakened,  and 
ihat  developed  at  the  new  point  is  less  than  that  before  existing. 
Fhe  point  of  saturation  should  be  reached  when  the  diminishing 
attractions  have  become  so  feeble  that  the  heat  developed  by  a 
Dew  combination  suffices  to  detach  one  of  the  atoms  already 
oombined ;  or  when  the  decreasing  force  of  external  attraction, 
that  comes  into  operation  at  the  successive  combinations,  is  not 
sufficient  to  predominate  over  tbe  external  repulsion. 

There  should  be  a  tendency,  in  any  case  of  a  chemical  union 
of  the  combining  molecules,  to  modify  the  electric  condition  of 
those  in  their  vicinity,  by  a  propagation  of  the  disturbance  of 
the  envelopes.  In  view  of  this  tendency  we  may  see  how  it  is  that 
a  minute  cnan^  in  the  proportion  of  one  of  the  constituents  may 
effect  a  marked  change  m  tne  degree  of  tenacity,  hardness,  &c.,  of 
the  compound  (e.  g.,  different  qualities  of  steel  resultinff  fi-om 

KnaU  differences  in  the  quantity  of  carbon  that  is  combinea  with 

the  iron).     The  phenomena  of  fermentation  may  be  referred  to 

the  same  cause. 
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15.  All  the  mechanical  properties  of  bodies  may  be  ascribed 

to  varied  values  of  the  quantities  — ,  m,  and  r*  (voL  iii,  p.  338), 

and  to  the  variations  that  may  occur  in  these  values  under  dif- 
ferent circumstancea  These  quantities  must  depend  primarily 
upon  the  mass  and  size  of  the  atoms  around  which  the  ethereal 
atmospheres  and  electric  envelopes  are  condensed.  The  marked 
difiference  in  the  properties  of  certain  substances  which  have 
nearly  the  same  atomic  weight,  indicates  that  atoms  of  the  same 
mass  may  differ  in  size. 

It  is  to  be  observed  that  the  same  substance  may  assume 
various  states  of  aggregation  of  its  primitive  molecules,  in  which 
it  exhibits  different  properties;  under  varied  thermal  or  other 
circumstances  of  solidification,  giving  rise  to  modifications  of 
the  molecular  envelopes!  One  general  result  may  be  noted,  viz., 
that  an  aggregation  of  compound  molecules  should  have  less 
tenacity  than  one  of  primitive  molecules  of  the  same  substance; 
since  in  the  latter  case  no  two  molecules  can  be  drawn  asunder 
without  exerting  a  force  equal  in  intensity  to  their  maximum 
effective  attraction ;  but  if  the  primitive  molecules  are  arranged 
in  groups,  instead  of  one  homogeneous  mass,  there  must  be  a 
number  of  the  constituents  of  each  group  separated  from  those 
of  the  contiguous  one  by  a  distance  greater  than  the  natural 
distance  between  two  primitive  molecules  in  equilibrium. 
Diamond  and  charcoal  may  be  cited  as  examples  of  the  two 
states  of  aggregation  under  consideration. 

16.  When  the  molecules  of  a  solid,  or  liquid,  are  in  a  state  of 
equilibrium,  that  portion  of  the  heat-pulses  which  acts  as  a 
molecular  repulsion  is  insensible  heat ;  since  all  the  repulsive 
impulses  that  proceed  from  one  primitive  molecule  and  take 
effect  on  another,  are  there  neutralized  by  equal  attractive  im- 
pulses. Whenever,  in  the  disturbance  of  tne  equilibrium  of 
two  contiguous  molecules,  heat  is  given  out,  a  certain  part  of 
these  insensible  impulses  passes  into  the  sensible  state ;  that 
is,  are  propagated  indefinitely  as  unneutralized  heat-pulses. 
At  the  same  time  a  change  generally  occurs  in  the  physical  con- 
dition of  the  molecules ;  ordinarily  their  envelopes  collapse. 

17.  Heat  may  originate  in  several  different  ways.  (1) 
When  molecules  are  forced,  or  in  any  way  made  to  come  into 
closer  proximity,  in  opposition  to  an  effective  repulsion,  the 
entire  amount  of  the  repulsive  impulses  that  operate  as  a  retard- 
ing force,  shows  itself  as  sensible  heat  Heat  originates  in  this 
manner  in  the  act  of  chemical  union,  in  which  a  certain  amount 
of  effective  molecular  attraction  is  expended  in  urging  the 
molecules  toward  each  other,  and  an  equal  amount  of 
effective  repulsion  destroys  the  motion,  and  in  so  doing  origi- 
nates ethereal  waves  of  heat  proceeding  outward  from  the 
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molecules,  which  convey  impulses  of  the  same  intensity  as  those 
expended  in  arresting  the  molecular  movements.  Heat  is 
developed  in  this  way  when  bodies  are  compressed  hj  pressure, 
or  impact  The  heat  of  friction  also  originates  m  this  manner; 
for  between  the  molecules  of  the  two  rubbing  surfaces  the  force 
of  external  repulsion  is  in  operation,  and  certain  pain*  of 
them  are  being  incessantly  urged  nearer  to  each  other  on  the 
line  of  movement  The  increasing  repulsion  thus  developed 
constitutes  the  force  of  friction,  and  the  resisting  work  done  by 
it  develops  an  equivalent  heat-energy.  It  may  seem  that  the 
continaeT  operation  of  the  same^ulsive  force,  after  the 
approaching  particles  have  passed  each  other,  should  counter- 
act the  effects  resulting  from  their  approach;  but  it  is  to  be 
observed  with  regard  to  the  effect  of  this  circumstance,  that  any 
work  thus  done  by  the  molecular  heat-repulsion  operating  as  an 
accelerating  force  will  be  given  out  again,  by  reason  of  the 
subsidence  of  the  motion  produced  by  it,  and  therefore  whatever 
heat^nercy  is  expended  in  such  motion  is  afterward  restored. 
Besides,  tne  repulsion  in  operation  between  two  surface  mole- 
coles,  in  the  act  of  separating  after  having  been  forced  into 
dose  proximity,  will  in  general  be  more  inclined  to  the  line  of 
movement  than  the  repulsion  exerted  between  the  same  mole- 
cales  during  their  approach.  This  inequality  of  inclination 
should  obviously  increase  with  the  pressure. 

(2.)  Heat  may  also  be  developed  by  reason  of  a  collapse  of 
molecular  envelopes,  resulting  from  a  change  in  the  distance 
between  contiguous  molecules.     For  example,  all  substances 

for  which  the  ratio  —  exceeds  6*9,  will,  when  compressed,  give 

out  heat  in  this  manner;  since  the  mutual  attraction  of  their 

envelopes  will  diminish.     We  have  seen  that  the  same  state  of 

things  occurs  with  india-rubber  when  it  is  fetretched.     In  fact, 

it  appears  from  the    table  on  page    444    (voL   iii),    that    all 

n 
bodies   of  matter  for  which  the  ratio  —  is  less  than  6*9  are  in 

m 

this  respect  in  the  same  condition  with  india-rubber.  There  are 
certain  theoretical  reasons  for  believing  that  all  liquids  belong  to 
this  class.  Upon  this  view  the  heat  of  congelation  may  be  as- 
cribed to  a  collapse  of  the  molecular  envelopes  resulting  from  the 
expansion  of  the  mass  that  ensues  as  the  compressive  force  at 
the  surface  of  the  liauid  ceases  to  operate.  Except  in  the  case 
of  water,  the  molecules  of  the  liquid  being  in  what  has  been 
termed  the  secondary  condition,  this  collapse  of  the  envelopes 
will  be  attended  with  an  augmentation  of  their  attractive 
actions  and  a  consequent  attraction  of  the  mass ;  but  this  aug- 

n 
mentation  will  increase  the  ratio  ~,  and  so  tend  to  make  the 

m 
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expansion  of  the  envelopes  that  should  result  from  the  contrac* 
tion  of  the  mass  less  than  the  previous  contraction.  Besides, 
the  operation  of  the  increased  attraction  should  tend  directly 
to  develope  sensible  heat-pulses  for  the  reason  given  abova 

(8.)  The  evolution  of  heat  may  also  result  fi^Sm  the  action  of 
an  electric  current, — either  compressing  the  molecular  envel« 
opes,  and  thereby  causing  heat-pulses  to  proceed  from  the 
ethereal  atmospheres,  or  originating  waves  in  the  interstitial 
luminiferous  ether,  the  energy  of  which  is  subsequently  ab- 
sorbed by  the  molecular  envelopes,  to  be  radiated  off  in  heat- 
pulsea 

18.  All  the  diverse  effective  forces  in  operation,  in  or  upon 
bodies,  may  act  as  statical  forces^  or  dynamical  forces.  In  Uie 
first  case  the  impulses  that  fall  upon  the  central  atoms  of  the 
primitive  molecules  are  reflected  off  again,  either  in  electric  or 
ethereal  waves ;  and  no  transformation  of  motion  from  ethereal 
to  ordinarv  matter  occura  But  when  motion  ensues  a  certain 
amount  of  ethereal  wave-force  is  expended  in  the  production  of 
such  motion,  and  is  transformed  into  the  equivalent  dynamic 
energy  of  the  moving  mass.  This  motion  can  only  be  counter- 
acted, and  the  body  brought  to  rest,  by  the  exertion,  either 
directly  or  indirectly,  of  an  amount  of  impulsive  wave-force 
equal  to  that  which  originated  the  motion ;  m  which  event  the 
energy  that  had  passed  into  the  body  is  restored  to  the  ether, 
either  luminiferous  or  electriiv-onliQarilj  the  former  in  the 
form  of  heat-waves,  since  the  repulsion  that  operates  to  bring 
an  impinging  body  to  rest  is  usually  the  molecular  heat-repul- 
sion taking  effect  at  the  surface,  and  in  the  interior  of  the 
body 

ThQ  djrnamical  energy  of  any  moving  mass,  of  either  of  the 
three  varieties  of  matter,  represents  the  previous  expenditure  of 
a  certain  amount  of  ethereal  wave-force,  and  can  disappear  only 
by  being  transformed  into  an  equivalent  amount  of  energy  of 
one  of  the  other  two  varieties  ox  matter.  Thus  radiant  heat  is 
a  dynamical  energy  that  has  resulted  fi*om  the  expenditure  of  a 
certain  amount  oi  the  molecular  heat-repulsion  before  noticed; 
and  may  be  transformed  into  an  equivalent  amount  of  energy 
of  ordinary  matter,  or  of  electric  ether. 

19.  Heat  is  everywhere  in  a  state  of  perpetual  flux, — ^both 
while  it  retains  the  condition  of  ethereal  wave-force  and  while 
in  the  act  of  transformation  into  an  equivalent  energy  of  either 
of  the  other  two  forms  of  matter ;  and  each  transformation  ordi- 
narily soon  gives  place  to  another,  and  so  never  ending  cycles 
of  transformation  are  passed  through. 

When  the  pulses  of  radiant  heat  fall  upon  ordinary  molecules 
<5ne  portion  of  the  wave- force  is  transmitted,  another  reflected, 
and  a  third  absorbed.     Absorption  is  of  two  kinds,  generai  and 
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leciive.  That  portion  of  heat-energy  which  experiences  general 
.bsorption,  is  consumed  in  urging  the  molecular  envelopes 
urther  from  the  central  nuclei,  while  the  other  is  expended  in 
mparting  vibratory  movements  to  the  atoms  and  layers  of  the 
notyelopes,  which  naturally  vibrate  in  unison  with  especial  heat- 
raves.  Badtation  is  the  necessary  correlative  of  absorption. 
for  the  recess  of  the  envelopes  attendant  upon  absorption  is 
noceeded  by  an  equal  collapse  that  originates  pulses  of  radiant 
leat  equal  in  amount  to  those  absorbed ;  and  the  special  vibra- 
ory  movements  induced  subside  again  by  being  communicated 
0  the  luminiferous  ether.  The  collapse  of  an  envelope  is 
attended  with  vibratory  movements  of  its  individual  atoms  both 
oward  and  fix>m  the  central  nucleus,  and  at  right  angles  to 
his  line  (varying  in  rate  with  the  position  of  the  atom  in  the 
nvelope),  which  originate  ethereal  waves  of  diverse  rates  of 
mdulation. 

Heat  is  conducted,  by  good  conductors,  chiefly  by  waws  of 
he  electric  ether  passing  over  from  one  molecular  envelope  to 
mother ;  and  hence  the  same  physical  conditions  which  favor 
he  conduction  of  heat  should  also  favor  the  conduction  of  elec- 
ridty.  Heat  maj  also  be  slowly  and  imperfectly  conducted 
yy  successive  radiations  from  molecule  to  molecule  through  the 
ominiferous  ether,  with  attendant  absorptions  by  the  molecular 
envelopes ;  when  the  density  of  the  interstitial  electric  ether  is 
CO  feeole  to  admit  of  direct  conduction. 

20.  What  is  called  the  interior  potential  energy  of  a  body  of 
natter,  in  the  mechanical  theory  of  heat,  is  the  mechanical  or 
quivalent  thermal  enercy  capable  of  being  expended,  or  given 
mt,  in  a  contraction  of  tne  mass  after  expansion,  or  in  the  con- 
lensation  of  simple  into  compound  molecules,  or  in  the  collapse 
>f  expanded  molecular  envelopes.  When  the  expansion  of  en- 
relopes  has  resulted  immediately  from  an  increased  attraction 
)etween  conti^ous  molecular  envelopes,  superinduced  by  an 
extraneous  action  (mechanical  or  thermal),  the  potential  neat- 
niesrgy  absorbed  will  be  e(juivalent  to  the  attractive  energy  ex- 
)endted.  The  work  done,  if  any,  in  this  case  by  the  extraneous 
iction  in  opposition  to  molecular  resistances  is  altogether  dis- 
inct  irom  Uiis  incidental  effect  The  mechanical  stretching  of 
irires,  and  liquefaction,  with  the  attendant  absorption  of  heat, 
may  be  cited  as  illustrative  examples. 

The  hypothesis  now  in  vogne  that  heat  imparts  vibratory 
movements  to  the  atoms  themselves  of  bodies,  involves  the 
assumption  that  the  vibrations  are  as  rapid,  or  approximately  so, 
as  the  undulations  of  the  heat-waves;  which  the  comparatively 
dow  rate  of  transmission  of  sound-vibrations,  and  the  com- 
paratively feeble  intensities  of  the  elastic  forces  called  into  play 
in  tibeir  transmission,  renders  in  the  highest  degree  improbable 
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21.  Waves  of  light  and  of  the  actinic  force  originate,  like 
those  of  heat,  in  the  vibratory  movements  of  the  atoms,  or 
layers,  of  the  electric  envelopes  of  molecules. 

22.  The  diverse  properties  of  substances  with  respect  to  the 
absorption  and  radiation  of  special  rajrs  of  light  and  heat,  as 
revealed  by  the  spectroscope^  may  be  chiefly  ascribed  to  diversi- 
ties in  the  range  and  rate  of  variation  of  the  intensity  of  the 
forces  acting  on  the  atoms  of  the  electric  envelopes  of  molecules. 
The  envelope  of  the  molecule  of  each  substance  is  in  a  special 
condition  of  equilibrium,  both  as  a  whole  and  in  all  its  parts ; 
and  any  displacement  of  it,  by  heat-waves  for  example,  will 
originate  special  rates  and  svstems  of  vibration  throughout  its 
mass.  It  will  in  general  vibrate  as  a  whole,  or  in  subdivisions 
of  greater  or  less  extent,  or  in  its  individual  atoms.  Stationary 
waves,  and  nodal  points,  lines,  or  surfaces,  may  also  supervene 
by  the  combination  of  individual  waves  passing  up  and  down 
through  the  envelope,  or  to  and  fro  around  it  In  fact  we  have 
all  the  conditions  necessary  for  the  production. of  the  diverse 
systems  of  bright  or  dark  lines  noticed  in  the  spectra  obtained 
with  different  substances,  and  also  the  continuous  spectrum 
formed  under  certain  circumstances.  The  commingling  of 
initial  waves  with  the  direct  and  reflex  waves  from  other  con- 
tiguous molecular  envelopes  may  also  play  a  certain  part  in  the 
phenomena. 

Physicists  have  sought  for  a  similar  theoretical  result  by  con- 
ceiving that  the  molecules  of  the  vapor  or  gas  are  compound; 
but  the  fact  that  each  incandescent  gas  when  sufficiently  com- 
pressed gives  a  continuous  spectrum,  necessitates  the  supposi- 
tion that  the  gaseous  molecule  is  composed  of  an  indefinitely 
great  number  of  simple  molecules,  which  cannot  be  admitted 
This  conclusion  cannot  be  avoided  if  we  allow  that  to  each  rate 
of  undulation  of  a  ray  belongs  a  particular  degree  of  refrangi- 
bility. 

23.  The  principle  of  the  "Correlation  of  Forces,"  is  implied 
in  the  doctrine  or  convertible  energy  that  has  been  briefly  set 
forth  (p.  12).  It  applies  to  the  dynamic  energies  that  have  re- 
sulted from  the  operation  of  cosmical  or  molecular  forces  during 
certain  previous  intervals  of  time.  These  energies  are  over  ana 
above  the  forces  attendant  at  any  instant  upon  the  natural 
statical  condition  or  tendency  of  things ;  and  hence  are  so  many 
disturbances  of  the  natural  equilibrium,  and  as  this  always 
tends  to  assert  itself,  must  continually  manifest  themselves  in 
connection  with  material  movements,  and  these  movements 
must  be  continually  undergoing  transformations,  wherever  the 
moving  masses  (  whether  of  either  of  the  two  ethers  or  of  ordin- 
ary matter)  come  into  contact  with  others  at  rest 

24.  In  tne  gaseous  state  of  matter  the  only  molecular  force  in 
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Lon  is  the  beat-repulsion — the  mutual  attractive  actions 
molecular  envelopes  having  become  insensible.  The 
MarioUe  may  be  deduced  fix>m  this  theoretical  principle 
following  manner.  Let  m  be  a  point  in  the  enclosure 
t  which  the  elastic  pressure  is  exerted,  and  cmd  a  slightly 
ent  cone ;  all  the  gaseous  particles  lying  within  this  cone 
)  the  centers  of  heat-waves  proceeding  in  all  directions, 
the  thermal  equilibrium  of  the  mass  each  molecule  will 
i  an  amount  of  heat  equal  to  that  which  it  receives  by 
•tion  from  surrounding  molecules.  There  will  accordingly 
uniform  wave-flow  of  heat  from  one  layer  ab  of  the 
1  mass  to  the  next  toward  m,  and  thus  the  quantity  of 
brce  that  falls  on  m  is  the  same  as  if  there  were  an  unin- 
ted  flow  directlv  from  one  layer  ab.  Now  if  the  density 
gas  be  doubled,  the  number  of  molecules,  or  wave-centers 
r  layer  ab  will  be  doubled,  and  hence  the  wave-force 
png  on  m  will  be  doubled.  The  result  is  the  same  as  i^ 
ery  such  slightly  divergent  cone,  there  was  a  line  of 
particles  moving  with  a  certain  uniform  velocity  and  im- 
g  upon  m ;  the  density  of  this  representative  line  being 
tional  to  the  density  of  the  gas.  This  representative  idea 
s  with  the  fundamental  hypothesis  of  the  kinetic  theory 
ses.  The  known  deviations  from  the  strict  law  of  the 
tionality  of  the  elastic  pressure  to  the  density  g 
e  ascribed  to  the  fact  that  the  mutual  attractive 
of  the  molecular  envelopes  becomes  sensible  when 
jnsity  is  greatly  increased,  and  the  distance  be- 
the  molecules  approximates  to  Od  (fig.  4,  vol.  iii,  ^| 
).  The  well  known  experiment  by  Joule,  which 
shed  that  a  gas  expandmg  into  a  vacuum  expe- 
3  no  change  of  temperature,  shows  that  the  heat- 
r  lost  in  the  expansion  of  the  escaping  gas  is 
jd  by  the  impact  of  the  particles  upon  the  enclos- 
This  should  obviously  be  the  result  if,  as  we  have 
3ed,  gaseous  phenomena  are  entirely  due  to  the 
ion  of  molecular  heat-repulsion,  since  the  energy 
J  repulsive  heat-waves  expended  in  imparting 
ty  to  the  particles  should  be  given  out  again 
the  motion  of  the  particles  is  arrested. 
J  obvious  from  the  explanation  above  given  of  the  law  of 
tte  that  if  two  diflferent  gases  have  the  same  temperature 
irill  exert  the  same  elastic  outward  pressure,  provided  the 
gr  of  their  molecules  is  the  same  K)r  equal  volumes ;  or, 
er  words,  at  the  same  temperature  and  pressure  the  num- 
particles  in  equal  volumes  of  the  two  gases  should  be 
jne. 
i  specific  heat  of  different  gases  should  be  the  same  under 
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similar  circumstances,  unless  some  portion  of  the  sensible  heat 
applied  should  be  expended  in  doinff  work  within  the  mole- 
cules, and  portions  so  expended  should  be  unequal  Now  in 
the  case  otsimple  gaseous  molecules  heat  can  do  such  interior 
work  only  by  expanding  their  envelopes,  and  there  is  no  appar- 
ent reason  for  any  sucn  possible  effects  being  different  yriih 
different  gases.  Tne  case  is  different  with  compound  molecules, 
for  the  expansive  action  of  the  heat  will  in  general  tend  to 
develope  an  increased  attraction  between  the  envelopes  of  the 
constituents  of  the  compound  molecules,  the  operation  of  which 
will  give  rise  to  an  absorption  of  a  certain  amount  of  heat 
Such  effects  may  be  quite  different  for  different  compound 
gases ;  and  so  their  specific  heats  may  be  quite  unequal  The 
specific  heats  of  compound  gases,  we  should  at  the  same  time 
expect,  would  be  greater  than  that  of  a  simple  gas. 


Art.  rV. — On  the  Datolite  Jrom  Bergen  HiU,  New  Jersey;  by 

Edwabd  &  Dana.    With  Plate  I. 

The  Bergen  Hill  tunnel  is  &mous  for  the  abundance,  beauty, 
and  variety  of  the  minerals  which  it  brought  to  light  Datolite, 
pectolite,  calcite,  analcite,  apophyllite,  natrolite,  stilbite,  and 
others  were  obtained  there  during  its  excavation  in  a  d^ree  of 
perfection  rarely  equaled  by  the  productions  of  any  other  local- 
ity. The  crystallizations  of  datolite  are  especially  remarkable; 
some  of  the  surfaces  covered  with  the  brilliant  crystals  being 
eighteen  to  twenty-four  inches  in  lengtL* 

The  crystals  are  in  general  not  over  a  third  of  an  inch  across, 
though  they  sometimes  have  a  diameter  of  one  inch.  Those  of 
a  single  specimen  have  always  entire  uniformity  of  habit  The 
datolite  is  associated  on  different  specimens  with  most  of  the 
other  species  found  at  the  same  locality,  but  it  was  not  found 
possible  to  obtain  an^  facts  which  would  throw  li^ht  upon  the 
mfluence  of  the  associated  minerals  on  the  crystalhne  form. 

Among  the  varied  forms,  four  different  types  may  be  distin- 
guished. 

a.  Figure  1  represents  a  veiy  common  and  characteristic  form. 
The  crystals  here  are  very  thin,  wedge-like,  and  are  attached  to 
the  mass  of  rock  approximately  by  the  extremity  of  the  clino- 
diagonal,  though  vaiying  fix)m  that  of  the  diagonal  terminating 
between  2  and  2  on  one  side,  to  that  between  -4  and  -4  on 
the  other.  From  the  position  and  shape  of  these  crjrstals,  they 
offer  an  unusual  nuniber  of  surfaces  for  the  reflection  of  the 
light,  and  hence  give  the  specimen  a  brilliant  sparkling  aspect, 

*  Mbiij  specimenB  of  this  kind  occur  in  the  collection  of  Mr.  Hftines  of  Eliia- 
beth,  N.  J. 
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h  serves  to  distinguish  them  at  a  glance  from  all  other 
&  It  is  always  simple,  no  further  modificatioiis  than  those 
•ed  having  been  observed. 

Another  and  more  interesting  type  is  shown  in  figure  2. 

crystals  here  are  approximately  equal  in  the  three  dimen- 

L     The  figure  shows  this  form  in  its  simplest  condition. 

5r  planes  occur,  viz :  -2-i;  also  (as  in  fig.  8,  which  is  a  por- 

of  a  crystal  with  this  habit)  2-t,  4-2,  f ,  },  |,  f-i,  -8-2 ;  these 

ifications  do  not  however  change  at  all  the  general  habit  of 

xv8tal& 

l^igure  14  represents  a  rare  and  quite  unique  form.     The 

es  -2'%  and  2  are  here  most  prominent,  and  when  the  /  be- 

38  merely  a  line  and  i-t  a  minute  triangle,  as  is  sometimes 

Mise,  it  has  the  aspect  of  a  rhombohedron.     The  planes  t-2 

|-9  are  noticeable  features  of  the  figure,  and  are  spoken  of 
i  particularly  in  another  place.  In  addition  to  the  planes 
eel,  there  occur  on  crystals  of  the  same  specimen,  1  very 

1,  and  t-i,  t-2,  2-i  as  mere  lines. 

Another  type  of  form,  though  not  so  distinct,  is  exhibited 
jure  18.  Under  this  type  we  seldom  find  the  crystals  of 
specimens  exactly  similar,  there  being  a  great  variation  in 
relative  sizes  and  in  the  number  of  the  planes.  A  very 
plex  form  of  this  type  is  represented  in  fig.  8,  The  speo- 
ioints  to  be  noted  in  crystals  of  this  habit  are :  the  plane 

which  is  often  very  large  and  almost  invariably  etched 

therefore  without  polish ;  and  also  the  presence  of  the  series 

,  -4-4,  -4-1  and  -6-|,  -6-8,  -6-t  (fig.  4).    The  planes  of  the 

3  last  mentioned  are  very  common,  the  two  series  frequently 

rring  together ;  and  one  of  them  at  least  is  almost  always 

mt  with  the  -2-i     This  peculiar  range  of  planes  above  i-i 

not  appear  to  have  been  met  with  on  crystals  fix)m  foreign 

ities. 

ider  these  four  distinct  types  and  their  modifications,  all 

srystals  of  Bergen  HiU  datolite  observed  by  the  writer  (on 

two  hundred  specimens)  can  be  included. 

le  following  is  a  list  of  all  the  planes  observed ;  in  it,  those 

:ed  with  an  asterisk  (*)  have  not  been  observed  before : 

^      ^      ^ 

>p) ;  vertical  prisms,  i-t,  t-4,*  t-2,*  I,  t-|,  t-2,  t-3,*  i-l ;  or- 
omea,  — l-t^  — J-t,  — 2-t,  — 4-t,  — 6-i,  — 8-t;  2-t;  clino- 
38,  i-l,*  1-i,  J-i,  2-1,  4-i/  hemi-octahedral,  —4;  4,  2,  |,  1, 

;•  -4-2,   -4-4,*  -6-1,*  -6-8;  4-2;*   -6-i*  (?),  12-^; 

I,  -8-2,  1-2,  2-2;  -4-3,*  i-8,*  |-8;*  f9,*  iV   H*  (?), 

(?).t 

tie  plane  6-i,  found  by  Hessenberg  (Min.  Not,  it,  where  it  is  designated 
on  a  crystal  firom  Bergen  Hill,  I  have  not  observed  except  on  crystals  firom 
Iff  Brook,  Conn. 

JouB.  Sol— Third  Sbbiss,  Vol,  IV,  No.  1.— Jult,  1878, 
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Among  the  new  planes,  the  following  are  determined  by  the 
zones  in  which  they  occur,  as  will  be  seen  in  the  figures: 

~6.J,  -44  (fig.  4),  4-2  (fig.  8),  1-2  (fig.  14),  -4-8  (fig.  8,) 

1-8  (fig.  12),»  i-i  (fig.  10,  between  1  and  l-l).  0Ai-J=171°  V 
(measured,  171°  70-  The  plane  t-2  consists  of  an  oscillatory 
combination  of  i-t  and  / 

Other  new  vertical  prisms  are  t-4  (fig.  11),  and  vS  (fig.  8); 

i.4At-t=170°  58'  (measured  =  17r  11^;  1-3^1-1=117*^  8^ 
(measured  =  117°  610*     |  (fig.  3)  is  a  new  octahedral  plane; 

Oa.  1=158°  86'  (measured=158°50').    f-8  has  always  the  shape 

and  position  shown  in  figa  9  and  12 ;  t-i  a  f -"8=108°4'  (measured 

=107°-108°);  Oa  f -8=188°  14' (measured=138°).    -6-|  (fig. 

9)  is  on  the  edge  between  /  and  —4-2,  consequently  m= ; 

the  case  did  not  admit  of  determination  by  measurement ;  but  n 
is  obviously  less  than  2  and  greater  than  1,  and  it  is  hence  veiy 

probably  equal  to  |,  which  puts  it  in  the  same  zone  with  12-|. 
Between   |  and  2-i  a  rough  plane  was  observe  in  one 

471 

case.  Here  ^=o  4.1  I  *^®  plane  gives  an  angle  of  165°  to  168" 

upon  2-i,  and  consequently  n  cannot  be  less  than  8. 

A  remarkable  series  of  planes,  usually  convex   (figs.  16, 
17),  in  the  same  zone  with  —  2-ti  2-i  and  /  (opposite  —  2-t) 

2n 

having  ^="~^j  often  takes  the  place  of  the  clinodome  2-i, 

which  when  present  is  very  narrow.    The  conmion  form  of  this 

+m'n  plane  {O)  is  convex  ;  starting  from  —  2-i,  where  it  makes 
on  i't  an  angle  of  about  95°,  it  curves  around  toward  /,  chanc- 
ing in  the  vSue  of  m  and  n  constantly  till  the  intersections  witn 
4-i  and  1  become  parallel  and  it  makes  an  angle  on  t-i  of  101" 
to  102°  30'.  This  is  represented  in  fig.  17,  which  is  a  front  view 
of  the  plane.  In  fig.  14  we  have  a  plane  of  this  zone  quite  flat 
though  unpolished,  and  giving  on  measurement  the  angle  on  t-t 

of  94°  30'-96° ;  its  svmbol  is  consequently  }-9  (required  95°  420- 
Another  plane  of  this  zone,  also  sometimes  occurring  alone,  as 
shown  in  fig.  16,  a  direct  view  of  it,  makes  parallel  intersec- 

tions  with  4-J  and  1,  and  is  hence  |-5;  t-i/^f -5=100°  57'.     On 

the  edge  between  f-5  and  —2-t  in  the  same  crystal,  a  plane 
appears  (»',  fig.  16)  which  corresponds  to  the  other  part  of  G. 

Des  Gloizeaux  gives  the  planes  7,  %  Xt  ^1  ^>  misapprehending  the  form  which 
he  takes  from  Dana's  MineraJogj ;  placed  in  the  proper  position  y  would  become 

<^ii  Xi  9i  G^    7  (-^'Vi  however,  he  figures  also  fh>m  a  crystal  of  Hajtorite. 

*  In  figures  12  and  16  the  crystal  is  represented  inverted,  which  was  necessaiy 
in  order  to  show  well  the  new  planes. 
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The  clinodome  |-l  is  also  occasionally  wholly  or  in  part  re- 
placed by  a  convex  +m'n  plane  (t),  in  the  zone  that  includes  4, 

|-t  and  I,  which  plane  therefore  has  ^=2+S~'    ^  ^S"  ®  ^^' 

plane  (t)  occtirs,^  though  by  the  projection  its  shape  is  not  satis- 
factorily shown.*  Measurement  gives  for  t/s,i-i=91®  SC  to  92** 
80'  near  its  intersection  with  —  2-i/  but  for  the  larger  part  of  the 
plane  Ty^t-f=97'^  -98®,  and  near  its  intersection  with  J,  TAt-i  = 

107*"  20'-108^  The  last  angle  corresponds  to  the  plane  f -J, 
whose  calculated  inclination  on  i-i  is  107°  86' ;  while  the  main 

part  of  the  plane  has  for  n  probably  4,  giving  4-4,  which  in- 
clines towara  t-t  at  the  angle  97°  31'.    There  may  be  included 

in  »  the  plane  {-6,  for  which  the  same  angle  is  95°  13'.     The 

?lane  1-2  beloi^  to  the  same  zone ;  but  its  angle  with  i-l  is 
08°  86',  and  evidence  of  its  presence  was  not  found,  while  that 

of  |-|  was  sustained  by  the  following  observation. 
Between  1  and  —  2-i  a  convex  plane   (17  fig.  15)  occurs, 
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giving  i-iA»7=105°-107°;  firom  the  zone  we  have  ^=0— ^r. 

This  plane  is  in  a  zone  between  1  and  the  position  of  |-i,  while 

\-\  is  in  that  between  J  and  |-i     The  two  zones  here  cross, 

and  if  17  is  the  plane  common  to  them,  it  is  |-|.  That  it  is  so 
is  rendered  almost  certain  by  its  angle  of  inclination  on  iW,  and 
its  similarity  to  t  in  having  a  convex  surface. 

The  convex  planes  O  and  ^  replacing  the  clinodomes  2-1  and 
J-J,  sometimes  occur  together.  In  fig.  6,  the  intersections  of  0 
with  the  two  planes  x  converge  backward,  a  necessary  conse- 
quence of  the  oblique  position  of  t. 

The  series  of  planes  above  i-i,  -4-i  and  -6-t  and  the  adjoining 
planes,  are  in  many  cases  curved,  so  that  sometimes  all  intersec- 
tions between  them  disappear ;  this  is  true  of  -6-1  and  -8-t  in 
fig.  6.  These  series  of  curved  planes  are  a  remarkable  feature  of 
the  datolite  from  this  locality. 

In  regard  to  the  special  character  of  different  planes,  and 
their  frequency  of  occurrence,  I  make  a  few  additional  remarks. 

The  clmodiagonal  hemi-octahedral  planes  and  vertical  prisms, 
almost  without  exception,  are  destitute  of  any  polish,  and  often 
qaite  rough ;  this  is  true  also  of  -2-i  and  the  other  orthodomes 
with  -6-8  -6-f  -44,  4-2,  and  4.  The  remaining  planes,  with 
occasional  exceptions,  are  well  polished,  though  the  presence  of 
wavy  lines  on  tne  sur&ce  in  most  cases  prevents  very  accurate 
measurements.  0,  when  of  sufficient  size  to  be  well  observed, 
is  uniformly  striated  in  two  different  directions,  parallel  to  its 
intersections  with  the  octahedral  planes  of  the  m  series.  In  the 
orystfids  from  which  fig.  8  was  drawn,  it  consisted  of  an  oaa\i\v 
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toiy  oambination  of  0  and  },  introducing  so  mach  irregularity 
as  to  make  ^4  at  times  sliffhtly  triangular  in  shape. 

The  planes  /,  i-i^  4-i,  —4,  and  2  are  never  absent ;  —  2-V,  2-i,  0, 
1  are  very  common;  |-i,  —44,  —  6-f,  —4-2,  —4-4,  —  6-f,  —6-8,  a 

little  less  common ;  t-},  t-2,  —8-2, 4,  (the  last  generally  associated 
with  the  clinodiagonal  planes),  were  observed  *on  perhaps  one- 
tenth  of  the  specimens  examined;  —  1-i,  —  ^-i^  |,  |,  2-i^  12-f, 
1-9.  *4>  on  one-twentieth;  -8-t;  i-2,  4-2,  |,  ^-i,  t-S,  1-2,  |-8,  |^ 

are  rare ;  and  t4,  2-2,  — 6-i,  —4-8,  |-8,  are  very  rare. 

The  following  table  of  all  the  observed  planes,  with  the  let- 
tering employed  by  different  authors,  is  added  for  the  sake  oS. 
convenience  of  reference.  Miller's  letters  are  taken  from  Brooke 
and  Miller's  Mineralogy  (1862);  Schroder,  from  Po^g.  AniL, 
zciv,  1866 ;  Dauber,  m>m  Po^.,  Ann.,  ciii,  1868.  Tne  planes 
in  this  list  that  have  not  been  K>und  by  the  author  on  the  Ber- 
gen Hill  crystals,  have  their  symbols  in  parentheses. 
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In  the  figures  the  axes  have  the  positions  and  the  relative 
values  adopted  by  Professor  Dana,  and  the  system  of  symbols 
employed  is  also  the  same,  It  is  to  be  noticed  that  Ldvy 
adopted  this  position  of  the  axes  in  his  work  on  the  Heuland 
Cabmet  (1837),  while  other  authors  have  taken  i-i  as  0  and 
made  either  2-1  or  4*2  the  fiindamental  prisuL  This  position 
has  the  considerable  advantage  of  giving  the  planes  in  vertical 
zones,  and  so  making  the  fonQ  more  symmetrical,  and  the 
mathematics  more  simple.  It  might  be  an  improvement  to 
double  the  length  of  the  vertical  axis;  the  theoretical  form 
irould  then  approach  more  closely  to  the  dimensions  commonly 
occurring  in  the  crystals 

It  is  worthy  of  note  that  the  planes  of  the  fundamental  plus 
octahedrons  are  represented  by  the  terms  in  the  series  f  ^  ^  | 
III;  and  excludmg  8-1  and  f  4,  two  clinodomes  mention^  bv 
Des  Cloizeaux,  the  clinodomes  are  all  of  the  same  series,  thougn 
wanting  thus  far  the  members  }  and  |. 

In  the  preparation  of  this  article  I  have  had  the  free  use  of 
the  specimens  of  datolite  in  the  cabinets  of  Yale  College,  Pro£ 
O.  J.  Brush,  Bev.  E.  Seymour  of  New  York,  and  Mr.  Benjamin 
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Haines  of  New  Jersey.  The  cabinet  of  Mr.  Haines  contains 
many  hundred  specimens,  and  I  am  greatly  indebted  to  his 
kindness  for  the  privilege  of  examining  them  at  my  leisure.  To 
Mr.  Seymour  and  Professor  Brush  1  would  also  express  my 

Srateful  acknowledgments.     The  complex  form  represented  in 
gure  8  is  from  a  crystal  in  the  cabinet  of  Mr.  Seymour. 

New  Hatoii,  Ot,  Maj,  1872. 


Art.  V. — On  certain  Lower  Silurian  rocks  m  /St  Laxjorence  county^ 
N.  Y.J  which  are  probably  older  than  the  Potsdam  Sandstone; 
by  T.  B.  Bboom. 

A  SURVEY  of  the  Caledonia  and  Keene  iron  mines  at  Keene 
Station,  St  Lawrence  county,  New  York,  made  by  me  in  the 
spring  of  1870,  developed  tne  following  series  of  sedimentary 
conformable  rocks,  some  of  which  are  apparently  older  than  the 
Potsdam. 

In  descending  order  the  series  is  as  follows: — 1st,  A  fine 
grained,  somewhat  friable  light  gray,  sometimes  reddish,  sand- 
stone, which  toward  the  bottom  o^  the  bed  is  often  a  quartz 
conglomerate  It  is  lighter  colored  and  less  firm,  but  otherwise 
resembles  the  sandstone  quarried  at  Potsdam.  The  maxi- 
mum thickness  observed  was,  say  40  feet,  but  the  line  separat- 
ing this  rock  from  No.  2  was  not  always  well-defined,  and  the 
surface  was  lowered  from  erosion. 

This  rock  is  named  by  Dr.  Emmons  Potsdam  sandstone, 
page  98,  Part  iv.  Geology  of  N.  Y.,  where  the  Caledonia  Mine 
IS  described  under  the  name  of  the  "  Parish  ore  bed." 

2nd,  Next  below  this  sandstone  is  the  iron  ore  formation ; 
made  up  of  red  hematites,  both  specular  and  earthy,  toirether 
with  irVlar  lenticular  masses  Cf  a  brownish' knTvery 
compact  sandstone  or  quartzite,  and  a  magnesian  rock  resem- 
bling No.  8  of  this  series.  Associated  with  the  ore  are  the  car- 
bonates of  lime  and  iron  and  other  minerals :  carbonaceous  mat- 
ter is  shown  by  the  analyses.  This  formation  varied  greatly  in 
thickness  in  different  localities,  from  a  few  feet  to  at  least  40. 
The  mines  which  are  now  extensively  worked  are  in  this 
formation. 

8rd,  Under  the  ore,  and  forming  the  foot  wall  of  the  mines,  is 
a  soft  rock,  generally  schistoze  or  slaty,  but  sometimes  massive 
in  structure,  of  a  green  to  grayish-green  color,  weathering  lead 
gray  and  becoming  porous  where  exposed  in  outcrops.  It  is  ap- 
parently a  magnesian  rock,  containing  considerable  graphite  and 
iron  pyrites,  designated  by  Dr.  Einmons   as  serpentine,  and 


in  SL  Ixiwrenee  Co.,  Nl  T.  28 

with  the  overljing  ore  was  regarded  bj  him  as  eruptive.  This 
schist,  like  the  ore,  varies  greatly  in  thickness,  the  maximum 
observed  being  at  least  90  feet 

4th,  Below  the  schist  is  a  bed  of  granular,  crystalline  lime- 
stone^  white  to  light  gray  in  color ;  often  friable  near  the  sur- 
face and  weathering  to  a  oark  color.  It  holds  numerous  crystals 
of  bronze  colored  mica  and,  still  more  abundantly,  graphite  in 
thin  scales.  The  thickness  of  this  formation  is  not  less  than 
260  feet 

6th,  Is  a  sandstone  similar  in  character  to  No.  1,  described  above. 
The  thickness  is  uncertain,  but  one  outcrop  is  exposed  not 
less  than  16  feet  Dr.  Emmons  does  not  mention  this  rock,  and  T 
do  not  think  he  observed  it,  or  he  certainly  would  have  men* 
tioned  it  in  connection  with  his  igneous  theory  for  the  origin  of 
limestones,  inasmuch  as  it  separates  two  deposits  of  his  "  primi- 
tive limestone." 

6th,  Is  a  granular  crystalline  limestone  closely  resembling 
No.  4  before  describe<l,  but  differing  in  containmg  in  places 
irreguUir  beds  or  veins  of  granite,  composed  of  a  wlute  feldsoar 
and  quartz.  A  mineral  resembling  tremolite  was  observed  in  tnis 
formation.  This  association  of  limestone  and  granite  is  fully 
described  by  Dr.  Emmons  (pages  24  and  888  and  840),  and 
seems  to  have  afforded  him  the  best  ailments  for  his  peculiar 
views  r^arding  the  origin  of  the  limestona  The  thicKness  of 
this  bed  could  not  be  even  approximately  determined;  it  is 
certainly  thicker  than  the  limestone  already  described. 

As  my  survey  was  purely  economic,  having  reference  to 
explorations  for  iron  ore,  not  much  attention  was  paid  to  the 
thickness  of  the  rocks  below  the  ora  I  consider  that  the  series 
described  has  a  minimum  thickness  of  700  feet,  and  probably 
much  ^eater.  Underlying  this  whole  series  and  bounding 
it  on  the  southeast  side  is  a  well  characterized  ^eiss,  which 
is  in  all  probability  non-conformable ;  but  the  actual  contact  was 
not  seen.  This  gneiss  is  a  part  of  the  great  azoic  area  of  north- 
em  New  York,  and  is  colored  Laurentian  on  the  geological 
map  of  Canada.  It  is  lithologically  a  totally  different  rock  from 
the  granite  described  above  in  No.  6  as  associated  with  the  marble, 
although  Dr.  Emmons  seems  to  give  them  the  same  origin  and 
aga  No  limestone  was  seen  in  it, — the  feldspar  was  reddish, 
and  it  always  contained  mica  and  often  hornblende 

This  senes  of  sandstones,  limestones,  and  ferruginous  and 
magnesian  schists  was  not  found  complete,  so  as  to  display 
unmistakably  the  sequence  of  the  beds  except  on  one  section, 
l  e,  through  the  west  corner  of  the  Caledonia  mine  lot : — and 
there  the  2nd  and  8rd  members  were  of  less  than  usual  thick- 
ness. The  Laurentian  gneiss  was  not  seen  on  this  section.  At 
the  Kearny  mine  the  members  of  the  series  from  1  to  4  inclusive 
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are  well  shown.  At  the  Caledonia  mine  the  1st,  2nd  and  8rd 
are  well  developed,  as  is  also  the  case  southeast  of  the  Keene. 
At  this  latter  point  the  magnesian  schist  No.  8  is  seen  in  such 
close  proximity  to  the  ^eiss  as  to  render  it  probable  that  beds 
4  to  o  are  wanting.  This  could  be  explamed  by  supposing 
great  irregularity  in  the  bottom  of  the  sea  in  which  they  were 
deposited. 

The  whole  series  are  folded,  presenting  several  anticlinal  and 
synclinal  axes  which  run  rudely  parallel  with  the  edge  of  the 
liAurentian  area,  L  e.,  northeast  ana  southwest  On  one  section  a 
half-mile  long  across  the  Caledonia  and  Kearney  mines,  no  leas 
than  six  sucn  axes  were  observed.  Prof.  Dana  describes  the 
rocks  of  the  Potsdam  eooch  in  New  York  as  having  usually  "a 
gentle  dip  or  as  nearly  norizontaL"  This  description  would  not 
embrace  the  rocks  at  this  locality.  In  one  place  an  outcrop  of 
magnesian  schist  (No.  8)  has  a  dip  of  80  ,  indicating  a  very 
Sharp  fold.  Aside  from  this,  the  inclinations  observed  varied 
from  0®  to  40^  The  upper  sandstone  has  been  eroded  from 
considerable  part  of  the  area  about  the  mines,  exposing  the 
lower  rocks  and  affording  a  §ood  opportunity  for  stratigraphical 
study.  The  surface  is  quite  hilly,  the  highest  point  ob- 
served being  120  feet  above  the  valley  at  its  base. 

As  has  been  remarked,  Dr.  Emmons  describes  fonnations 
Nos.  1,  2,  and  8  in  Geology  of  New  York,  Part  rv,  page  98, 
under  the  respective  names  of  "  Potsdam  Sandstone,"  "  Specu- 
lar Iron  Ore  and  "  Serpentine."  He  regards  the  last  two  as 
well  as  the  limestone  which  underlies  them  as  eruptive,  and 
does  not  seem  to  have  observed  the  sandstone  which  divides 
the  two  limestone  beds.  The  planes  of  bedding  were  occasion- 
ally obscure  in  the  magnesian  rock  and  sandstones,  often  so  in 
the  iron  ore  and  marbles ;  but  taken  as  a  whole  they  cannot 
be  regarded  as  other  than  sedimentary  rocks  showing  more 
or  less  evidence  of  metamorphic  action.  Except  as  noted 
above,  I  do  not  find  them  descrioed  by  the  New  York  geologists. 

Regarding  their  age,  if  Dr.  Emmons  is  right  in  calling  the 
uppermost  sandstone  No.  1,  "  Potsdam,"  as  he  has  repeatedly 
done,  and  if  he  begins  the  Potsdam  epoch  at  this  locality  with 
the  bottom  of  this  sandstone,  which  is  unquestionably  his  inten- 
tion, then  the  rock  beds  2  to  6  inclusive  are  older  than  this  so- 
called  base  of  the  Paleozoic  column.  This  view  would 
Eossibly  make  them  the  equivalents  of  the  Taconic  system  of 
>r.  Emmons,  and  it  is  strengthened  by  the  similarity  in  general 
lithological  character,  number  and  order  of  the  beds  between 
this  series  and  that  system  as  described  in  Geology  of  New 
York,  Part  rv,  pages  138  to  144.  It  is  hardly  to  be  supposed, 
however,  that  Dr.  Emmons  would  have  passed  over  so  promi- 
nent a  suggestion  of  his  favorite  system  without  recognizing  it 
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here  is  no  doubt  bat  tliat  his  peculiar  views  regarding  the 
igin  of  limestones  stood  somewhat  in  the  way  of  his  seeing 
1  the  &cts  that  this  interesting  locality  exhibits.  His  section 
*  the  Parish  ore  bed,  page  98,  Part  iv,  does  not  represent  the 
cts  now  to  be  observeo.  I  found  only  magnesian  schist 
here  he  has  marked  gneis&  It  should  be  remarked,  however, 
lat  there  has  been  a  large  amount  of  work  done  of  late  years, 
fvealing  many  additional  fistcts. 

Dr.  Emmons  gives  60  to  800  feet  as  the  minimum  and  maxi- 
um  thicknesses  of  the  Potsdam  sandstone  in  northern  New 
ork,  and  it  has  been  described  as  diminishing  in  some  in- 
ances  to  20  or  80  feet  The  prevailing  rock  observed  in  this 
gion  seems  to  have  been  a  laminated  sandstone,  frequently 
iving  a  conglomerate  as  its  lower  member.  Nor  have  any 
cks  of  different  lithological  character  been  ascribed  to  this 
uriod  in  the  reeion  in  question ;  although  partly  calcareous 
yers  and  even  oeds  of  true  limestone  have  oeen  observed  in 
le  upper  rocks  of  this  period  in  the  northwest  The  rocks  I 
ive  described,  therefore,  have  apparently  too  ffreat  a  thickness 
id  show  too  vride  a  variation  m  lithological  character  to  be 
garded  as  the  equivalents  of  the  Potsdam.  Some  forms, 
)tained  from  a  calcareous  layer  the  base  of  the  upper  sand- 
one,  which  I  thought  might  be  organic,  were  pronounced 
f  Dr.  Newberry  to  be  concretions.  The  abundance  of  graphite 
as  the  only  evidence  of  organic  life  observed. 
The  Potsdam  quarries  are  only  85  miles  northeasterly  from 
.6  Rossie  mines,  and  the  country  between  was  examined  by 
r.  Emmons.  He  may  have  traced  the  sandstone  through 
ratigraphically.  My  own  reconnaissance  of  this  country  leads 
e  to  believe  that  this  could  easily  be  accx)mpli8hed.  Should 
be  done,  a  point  of  considerable  interest  which  would  be 
cidentally  settled  is  this : — Does  the  Potsdam  sandstone  in 
is  region  become,  in  places,  decidedly  gneissic  in  character? 
J  own  hasty  observations  at  the  Sterling  and  Tate  ore  beds 
ids  me  to  believe  that  it  does :  if  so,  the  Tate  bed  de- 
ribed  by  Dr.  Emmons,  pages  95  and  846,  as  being  overlaid  by 
leiss,  may  be  found  to  be  the  equivalent  of  the  Rossie  beds, 
lich  I  TOlieve  to  be  the  case.  The  ores  are  certainly  very 
nilar.  This  Tate  bed  confirmed  Dr.  Emmons,  and  with  good 
Ason,  in  his  view,  that  the  iron  ores  were  of  "primitive  age,'' 
ing  either  in  or  immediately  on  top  of  the  great  gneissic 
ries. 

As  bearing  on  this  subject,  I  would  mention  that  the  iron 
es  of  the  Maramec  district  in  Crawford  and  Phelps  Co., 
o.,  bear  a  close  resemblance  to  those  of  Rossie,  and  work 

Sially  well  in  the  furnace.     The  Missouri  ore  contains  con- 
erable  yellow  ochre,  which  is  less  abundant  at  Rossie ;  but 


( 


26      A.  W.  WrigJU— Production  of  Ozone  wWi  Electricity. 

the  specular  and  earthy  red  hematites  are  nearly  identical 
and  unlike  any  other  iron  ore  I  have  seen.  A  sandstone  associ- 
ated with  the  Missouri  ores  is  very  similar  to  the  Pota* 
dam  in  lithological  character,  and  the  series  is,  I  believe, 
regarded  by  the  Missouri  geologists  as  of  Lower  Silurian  age. 
Iron  ores  are  described  as  occurring  in  the  Potsdam  period  of 
Canada,  but  I  do  not  know  of  any  ore  in  the  United  States 
which  the  Oeological  Reports  assign  to  that  period. 


Art.  VL — On  a  simple  Apparatus  for  the  Production  of  Ozone 
with  Electricity  of  high  tension;  by  Prof  ARTHUR  W. 
Wright. 

Experiment  has  shown  that  in  the  production  of  ozone  by 
electricity  the  maximum  amount  of  oxygen  is  ozonized  by  the 
silent  or  glow  discharge,  and  most  of  the  forms  of  apparatus  by 
which  this  is  effected  are  contrivances  by  which  oxygen  is  m»m 
to  flow  slowly  through  a  space  traversed  by  such  a  discharge. 
In  V.  Babo's  apparatus,  as  well  as  in  those  of  Siemens  and 
Houzeau,  the  metallic  conductors  are  separated  by  glass  and  a 
stratum  of  air.  By  inductive  action  of  the  charged  metallic 
surfaces  the  intervening  air  becomes  charged  with  electricity 
oppositely  upon  its  two  sides,  and  simultaneously  with  the 
discharge  of  the  metallic  terminals,  through  the  wire  of  the 
coil,  a  discharge  takes  place  through  the  air,  not  in  the  form 
of  sparks,  but  diffusely,  producing  a  glow  of  purplish  light, 
visible  only  in  the  dark. 

These  apparatus  succeed  best  with  electricity  of  compara- 
tively low  tension.  In  using  the  Holtz's  electro-machine  with 
them  the  discharge  is  apt  to  occur  chiefly  in  the  form  of  sparks 
through  the  air,  or  it  may  even  traverse  and  perforate  the  glass, 
and  the  form  of  the  apparatus  must  be  varied  to  give  the  best 
results. 

When  the  poles  of  the  machine  itself  are  separated  to  a  suffi- 
cient distance  the  electricity  passes  between  tnem  either  in  the 
form  of  a  diffuse  brush,  spanning  the  whole  interval,  or  with  a 
very  minute  brush  upon  the  negative  pole,  and  a  glow  upon 
the  positive,  the  intermediate  space  not  being  visibly  luminoua 
This  is  the  so-called  dark  or  silent  discharge,  exhibiting  the 
phenomena  of  the  electric  shadow  when  suitable  objects  are 
interposed,  as  described  in  a  former  paper.*  When  this  occurs 
the  strong  odor  shows  that  a  consideraole  amount  of  the  atmos- 
pheric oxygen  is  converted  into  ozona 

*  This  Journal,  II,  zliz,  p.  381,  and  III,  i,  p.  437. 
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If  this  discharge  is  made  to  take  place  in  an  enclosed  space 
through  which  air  or  oxygen  can  be  ariven,  the  ozonizing  effect 
of  the  electricity  is  heightened  and  can  be  utilized  The  appa- 
ratus which  I  have  employed,  and  which  has  afforded  very  sat- 
isfiaustory  results,  consists  of  a  straight  glass  tube  about  20 
centimeters  long  and  having  an  internal  diameter  of  2*6  centi- 
meters, the  two  ends  being  stopped  with  corks  covered  on  the^ 
inner  side  with  a  thin  coating  of  cement  to  protect  them  from 
the  action  of  the  ozona  Through  the  axis  of  each  cork  is  in- 
serted a  fflass  tube  of  about  6  millimeters  caliber,  and  7  centi- 
meters in  length,  having  a  branch  tube  inserted  perpendicularly 
at  the  middle  and  long  enough  to  permit  a  rubber  tube  to  be 
slipped  upon  it  The  outer  ends  of  the  tubes  themselves  are 
closely  stopped  with  corks,  through  which  are  passed  straight, 
thick  copper  wires  carrying  suitable  terminals  at  their  inner 
ends,  and  bent  into  a  ring  at  the  others.  They  are  fitted  so  as 
to  make  tight  joints,  but  to  allow  of  motion  in  order  to  vary 
the  distance  between  their  inner  ends.  One  of  these  wires  car- 
ries a  small  ball ;  the  other  terminates  in  a  disk  with  rounded 
edge,  set  perpendicularly  to  the  axis  of  the  tube,  and  so  large 
as  to  leave  an  annular  space  of  some  two  or  three  millimeters 
breadth  around  it  The  gas  is  admitted  through  one  of  the 
branch  tubes  and  escapes  from  the  other,  after  having  passed 
through  the  whole  length  of  the  tube. 

In  using  the  apparatus  the  wires  must  be  connected  with  the 
poles  of  the  machine  in  such  a  manner  that  the  disk  becomes  the 
negative  terminal,  as  this  arrangement  gives  the  greatest  degree 
of  expansion  and  difTuseness  to  the  current  On  turning  the 
machine,  and  adjusting  the  ball  and  disk  to  a  proper  distance, 
ft  nebulous  aigrette  surrounds  the  latter,  quite  nlling  the  inter- 
val between  it  and  the  wall  of  the  tube,  while  the  part  of  the 
tabe  between  the  disk  and  ball  is  crowded  with  innumerable 
hazy  streams  converging  upon  the  positive  pole,  or  simply  caus- 
ing the  latter  to  be  covered  with  a  faint  glow.  A  current  of 
air  or  oxygen  sent  into  the  tube  must  pass  through  this,  and 
ozone  is  very  rapidly  produced,  and  in  great  quantity.  The 
condensers  are  of  course  not  used  with  the  machine,  wnen  this 
apparatus  is  employed. 

There  appears  to  be  an  advantage  in  causing  the  oxygen  to 
pass  from  tne  negative  toward  the  positive  within  the  tube,  for 
tiie  gas  through  which  the  discharge  passes  is  transported  in 
the  contrary  direction,  as  mav  be  readily  seen  on  bnDging  a 
candle  flame  between  the  poles  of  the  machine,  or  causing  a 
ihin  column  of  smoke  to  rise  through  the  polar  interval.  The 
flame  and  the  smoke  are  deflected,  and  stream  off  toward  the 
negative  pole.  If  the  gas  should  be  admitted  in  the  direction 
mentioneo,  there  would  be  a  tendency  to  obstruct  its  flow  some- 
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what,  and  thus  keep  it  longer  under  the  influence  of  the  eleo- 
tricity. 

Some  experiments  which  were  made  with  the  apparatus  will 
give  an  idea  of  its  efficiency.  One  hundred  cubic  centimeters 
of  water  were  placed  in  an  upright  tube  or  test-glass,  and  into 
it  were  put  20  orops  of  strong  indigo  solution,  causing  it  to  as- 
sume  a  deep  blue  tint  Air  was  driven  through  the  ozonizing 
tube,  under  a  pressure  of  about  three  inches  of  water,  and  on 
issuing  from  it  conveyed  by  a  tube  into  the  solution.  When 
the  electro-machine  was  put  in  operation,  being  turned  with 
sufficient  speed  to  give  nearly  its  maximum  effect,  the  solution 
completely  lost  its  blue  color  in  less  than  four  minutes.  Blue 
litmus  solution  under  similar  circumstances  became  pale  pink, 
but  required  a  considerably  longer  time  for  the  changa 

When  Schonbein's  test  solution  is  employed  the  deep  blue 
color  is  immediately  produced,  but  the  solution  is  too  thick  to 
work  well  if  the  starch  has  been  heated  considerably,  or  for  a 
long  time,  in  making  it  A  better  proportion  is  to  take  one 
part  of  potassic  iodide  by  weight,  ten  parts  of  starch,  and  five 
thousana  parts  of  water.  This  forms  a  milky  solution,  suffi* 
oiently  mobile  to  mix  well  when  the  ozonized  air  bubbles 
through  it  When  100  cubic  centimeters  of  this  solution  were 
used,  and  air  passed  through  the  apparatus  as  before,  the  blue 
color  appeared  at  once  on  application  of  electricity,  and  in  80 
seconds  it  was  deeply  colored. 

With  dry  oxygen  the  effects  were  much  more  rapid  and  re- 
markable. 100  cubic  centimeters  of  the  solution  were  used, 
as  before.  The  instant  the  machine  was  put  in  action  the 
liquid  about  the  end  of  the  delivery  tube  oecame  deep  blue, 
and  in  from  ten  to  fifteen  seconds  the  whole  had  acquired  a 
uniform  and  intense  blue  color. 

The  summer  moisture  having  interfered  somewhat  with  the 
effective  working  of  the  electro-machine,  there  has  been  no 
opportunity  to  determine  the  percentage  of  ozone  produced  in 
this  manner,  but  it  appears  to  be  very  larga  When  dry  oxy- 
gen is  passed  through  the  tube  very  slowly,  the  issuing  gas 
when  innaled  produces  a  painful  burning  sensation  in  the  lungs, 
and  causes  violent  coughing,  which  persists  for  a  considerable 
time. 

When  oxvgen  is  used  it  is  found  that  the  electrodes  must 
be  separated  to  a  much  greater  distance  than  is  necessarv  for 
air,  otherwise  sparks  pass  and  destroy  a  large  proportion  of  the 
ozone  already  formed.  With  air  the  direct  spark  in  the  appa- 
ratus could  not  be  made  to  pass  over  an  interval  of  more  than 
7  centimeters,  but  in  oxygen  they  did  not  cease  until  the  poles 
were  separated  about  11*6  centimeters.  When  the  tube  was 
filled  with  air  and  the  poles  were  7  or  8  centimeters  apart  the 
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discharge  was  of  the  silent  kind,  but  on  admitting  oxygen  it 
immediately  took  the  form  of  direct  sparks. 

The  quantity  of  the  solution  used  in  these  experiments  was 
much  greater  than  would  be  needed  in  order  to  exhibit  the 
characteristic  reactions  of  ozone  to  an  audience  of  moderate  size. 
Oi^e-half  or  one-third  of  the  amount  would  be  quite  sufficient, 
and  the  time  required  for  the  reaction  would  be  proportionally 
shorter.  The  ^reat  quantity  of  the  ozone,  as  well  as  the  ease 
and  rapidity  with  wnich  it  is  produced,  render  the  apparatus 
especially  serviceable  for  use  in  the  lecture-roonL 


Abt.  VIL — On  the  Action  of  Ozone  upon  Vulcanized  Caoutchouc; 

by  Prof  Arthub  W.  Wright. 

In  using  the  Holtz*s  electro-machine,  in  the  summer  season, 
it  is  often  veiy  difficult  to  make  it  retain  any  considerable 
chaige,  or  even  to  keep  up  its  action  for  more  than  a  few 
minutes.  The  ebonite  insulators  are  found  to  have  lost  in  a 
large  d^ree  their  insulating  power,  and  to  have  become  con- 
ductors to  such  an  extent  that  considerable  sparks  may  be 
drawn  Ax>m  them  at  points  several  inches  distant  from  the 
metal  parts  supported  by  them,  thus  dissipating  the  grater 
portion  of  the  charga  This  is  the  usual  condition  of  thin^ 
when  the  machine,  after  much  use,  has  stood  for  some  weeks  in 
the  warmer  portion  of  the  year  unused.  The  surfiace  of  the 
ebonite  becomes  hygroscopic,  condensing  upon  itself  a  large 
amount  of  moisture,  the  accumulated  liquid  being  sometimes 
ao  abundant  as  to  trickle  down  in  drops. 

Having  noticed  on  one  occasion  that  this  liquid  had  an  acid 
taste,  I  was  led  to  examine  it  more  closely,  and  the  ordinary 
tests  very  speedily  showed  it  to  be  sulphuric  acid.  Its  pres- 
ence was  a  sufficient  explanation  of  the  defective  insulation. 
Similar  deposits  of  moisture  were  found  upon  the  ebonite 
jackets  of  two  induction  coils  some  time  after  they  had  been 
used. 

As  nothing  containing  sulphur  had  been  used  about  the 
ipparatus,  the  acid  was  evidently  derived  from  the  ebonite 
itself  The  first  thought  was  that  the  material  had  been  heated 
in  the  process  of  vulcanization  sufficiently  to  oxidize  the  sul- 
phur ;  but  as  the  sulphurous  oxide,  if  thus  formed,  would  be 
oissipated  by  the  heat,  this  could  hardly  be  regarded  as  the 
source  of  the  sulphuric  acid,  especially  as  the  latter  did  not 
tppear  until  after  the  apparatus  had  been  used.  It  is  weQ 
known  that  vxdcanized  caoutchouc  is  affected  by  ozone,  and 
that  the  ordinary  rubber  tubes  through  which  it  is  passed  are 
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attacked  and  qnickljr  perforated  hj  it  It  seemed  most  prob- 
able then  tliat  the  acid  was  the  result  of  the  action  of  the  ozone 
npoD  the  insulators,  and  experiments  were  made  which  entirely 
confirmed  this  supposition. 

To  the  exit-tuh«  of  the  ozonising  apparatus  described  in  the 
previous  paper  was  attached  one  end  of  a  vulcanized  rubber 
tube  a  few  inches  long,  the  other  end  being  slipped  upon  the 
^lass  tube  of  a  small  wash-bottle  contaiuing  some  tbirty  or 
rortj  cubic  centimeters  of  water.  Air  was  slowly  driven 
through  the  apparatus,  and,  having  been  strongly  ozonized  by 
the  action  of  the  electricity,  bubbled  up  through  the  water. 
This  was  continued  for  an  hour  and  a  half  At  the  end  of 
this  time  common  air  was  passed  through  the  apparatus  to  dis- 
place the  ozone  left  in  it,  the  tubes  were  removed,  and  the 
bottle  closed  with  a  glass  stopper.  On  opening  the  bottle  some 
time  afterward,  there  was  an  unmistakable  odor  of  sulphu^ 
ous  oxide,  and  the  water  reddened  blue  litmus  paper  very 
quickly  and  strongly.  A  strip  of  litmus  paper,  hun^  in  the 
bottle  so  as  not  to  touch  the  water,  was  completely  reddened  in 
a  short  time,  and  this  happened  even  after  several  days  had 
elapsed  from  the  time  of  the  experiment  The  water  tested 
with  chloride  of  barium  gave  a  considerable  crystalline  pre- 
cipitate, leaving  no  doubt  of  the  presence  of  sulphuric  acid. 

A  small  slip  was  cut  from  a  thin  plate  of  eoonite,  cleaned 
and  dried,  ana  placed  in  a  small  bottle  into  which  ozone  was 
driven  as  before.  In  a  short  time  it  was  bedewed  with  mois- 
ture having  an  acid  taste,  and  exhibiting  the  same  properties  as 
that  found  upon  the  insulators  of  the  machine. 

In  order  to  determine  whether  the  sulphur  itself  could  be 
directly  oxidized  bv  ozone,  a  quantity  of  fine  flowers  of  sul- 
phur was  gently  rubbed  into  a  loose  lock  of  dry  cotton,  so  as 
to  diffuse  it  as  much  as  possible.  The  cotton  was  placed  in  a  dry 
wash-bottle,  and  connected  by  means  of  a  glass  tube  with  a 
second  wash-bottle  containing  a  little  water,  all  the  connecting 
tubes  being  of  glasa  Ozone  was  passed  through  the  bottles 
for  an  hour  and  a  half,  but  at  the  end  of  this  time  not  the 
slightest  evidence  of  any  action  upon  the  sulphur  could  be 
detected.  This  was  what  might  have  been  expected,  for  as  the 
air  often  contains  a  small  percentage  of  ozone,  sulphur  exposed 
to  it  would  undergo  slow  alteration,  with  loss  of  weight,  and  it 
does  not  appear  that  anything  of  the  kind  has  ever  been 
observed. 

It  is  evident  that  while  the  ebonite  is  undergoing  decomposi- 
tion by  the  ozone,  the  oxygen  combines  with  the  issuing  sul- 
phur to  form  sulphurous  oxide,  which  with  the  atmospheric 
moisture  produces  sulphurous  acid,  this  in  turn  being  converted 
into  sulphuric  acid  by  the  ftirther  action  of  the  ozone.     The 
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>8orption  of  moisture  from  the  atmosphere  by  the  sulphuric 
3id  produces  the  dew-like  deposits  observed. 

The  deleterious  effect  upon  the  insulators  can  be  remedied 
7  neutralizing  the  acid  with  some  substance  which  will  not 
>rm  a  hygroscopic  compound  or  essentially  lessen  the  insulat- 
ig  power  of  the  ebonite.  1  have  used  oxide  and  carbonate 
f  magnesium  with  very  good  effect  A  little  of  either  of 
[lese  substances  in  fine  powder  is  sprinkled  upon  a  soft  cloth 
r  piece  of  chamois  leather  and  rubbed  over  the  insulators. 
%e  excess  is  removed  with  a  wet  cloth,  and  the  surface,  afler 
lying,  cleaned  and  polished  by  rubbing  with  a  soft  woolen 
loth  very  slightly  moistened  with  carbonic  di-sulphida  As 
be  ebonite  is  attacked  by  the  latter  substance,  care  should  be 
bserved,  in  employing  it,  to  use  only  so  much  as  is  needed  to 
icilitate  the  polishing  process  without  injuring  the  surface. 
]te  ebonite  may  be  somewhat  discolored  by  these  operations, 
•ut  the  color  can  be  restored  by  rubbing  with  a  little  oil,  or 
rill  return  of  itself  after  a  tima 

Probably  a  better  method  may  be  found,  but  this  gives  very 
pod  results.  On  one  occasion,  early  last  autumn,  when  the 
lectro-machine  had  not  been  used  for  some  months,  the  sparks 
obtained  on  charging  it  and  using  small  condensers  were  only 
.bout  one  quarter  of  an  inch  in  length,  and  the  action  of  the 
pparatus  was  very  feebla  The  insulators  were  quite  damp 
rith  the  accumulated  moisture.  When  this  had  been  removea 
)j  the  process  described,  sparks  eight  or  nine  inches  in  length 
eere  obtained  at  once,  and  the  machine  worked  with  nearly  its 
isual  energy. 


Art.   VliL — On  the  Oceanic  Ooral  Island  Subsidence;  by 

James  D.  Dana.* 

CSoral  islands  have  been  shown  to  be  literally  monuments 
srected  over  departed  lands ;  and,  through  the  evidence  from 
mch  records,  it  is  discovered  that  the  Pacific  has  its  deep-water 
mountain  chains,  or  lines  of  volcanic  summits,  not  merely 
hundreds,  but  thousands  of  miles  in  lengtL  Some  of  the 
ranges  of  high  islands  are  proved  by  such  records  to  have  an 
under- water  prolongation,  longer  than  that  above  water :  the 
line  of  the  Hawaiian  Islands,  for  example,  which  has  a  length  of 
only  four  hundred  miles  from  Hawaii  to  Kauai,  and  five 
Imndred  and  thirty  to  Bird  Island,  the  western  rocky  islet  of 
the  group,  but  stretches  on  westward,  as  the  coral  registers  show, 

*  From  the  doeing  chapter  of  the  writer  8  work  on  Corals  and  Coral  IslandB, 
(pp.  36i-372X  lecentlj  published  by  Dodd  k  Mead,  New  York. 


82  J.  D.  Dana — Oceanic  Coral  Island  Svhndmot, 

• 

even  to  a  distance  of  two  thousand  miles  from  Hawaii,  or  as 
far  as  from  New  York  to  Salt  Lake  City ;  and  how  much 
farther  is  unknown,  as  the  line  of  coral  islands  here  passes  the 
boundary  of  the  coral  reef  seas,  or  the  region  where  coral 
records  are  possible. 

Other  ranges  of  submersed  summits  are  shown  to  extend 
through  the  whole  central  ^cific,  even  where  not  a  rocky  peak 
remains  above  the  surface ;  for  all  the  coral  islands  from  the 
eastern  Paumotus  to  Wakes  Island,  near  long.  170^  E.  and  lai 
19°  N.,  noi-th  of  the  Balick  and  Badack  (or  Marshall)  groups, 
are  in  linear  ranges :  and  they  have,  along  with  the  equallv 
linear  ranges  of  high  islands  just  south,  a  nearly  uniform  tren^ 
curving  into  northwest  and  north-northwest  at  the  western  ex- 
tremity. The  coral  islands  consequently  cap  the  summits  of 
linear  ranges  of  elevations,  and  all  these  linear  ranges  together 
constitute  a  grand  chain  of  heights,  the  whole  over  five 
thousand  miles  in  lengtL  Thus,  the  coral  islands  are  recordi 
of  the  earth's  submarine  orography,  as  well  as  of  slow  changei 
of  level  in  the  ocean's  bottom. 

This  coral  island  subsidence  is  an  example  of  one  of  the 
great  secular  movements  of  the  earth's  crust  The  axis  of  the 
subsiding  area^  has  a  length  of  more  than  six  thousand  milea 
— eaual  to  one-quarter  of  the  circumference  of  the  globe;  and 
the  Dread th,  reckoning  only  from  the  Sandwich  Islands  to  the 
Friendlv  Group  (or  to  Tongatabu)  is  over  twenty-five  hundred 
miles,  thus  equalling  the  width  of  the  North  American  con- 
tinent A  movement  of  such  extent,  involving  so  large  a  part 
of  the  earth's  crust,  could  not  have  been  a  local  change  of  level, 
but  one  in  which  the  whole  sphere  was  concemea  as  a  unit ; 
for  all  parts,  whether  participating  or  not,  must  have  in  some 
way  been  in  sympathy  with  it 

This  subsidence  was  in  progress,  in  all  probability,  during 
the  Glacial  era,  the  thickness  of  the  reefs  proving  that  in  their 
origin  they  run  back  through  a  very  long  age,  if  not  also  into 
the  Tertiary.  It  was  a  downward  movement  for  the  tropical 
Pacific,  ana  perhaps  for  the  warmer  latitudes  of  all  the  oceanic 
areas,  while  the  more  northern  continental  lands,  or  at  least 
those  of  North  America,  were  making  their  upward  movement, 
preparatory  to  or  during  that  era  of  ica 

The  subsidence  connected  with  the  origin  of  coral  islands 
and  barrier  reefs  in  the  Pacific  has  been  shownf  to  have 
amounted  to  several  thousands  of  feet,  perhaps  full  ten  thou- 
sand. And,  it  may  be  here  repeated  that,  although  this  sounds 
large,  the  change  of  level  is  not  greater  than  the  elevation  which 

*  The  poBitioii  of  this  area  is  stated  on  pa^  328  of  the  volume  on  Oomls  and 
Coral  Islands, 
t  Ibid,  p.  329. 
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e  Rocky  Mountains,  Andes,  Alps  and  Himalayas  have  each 
perienced  since  the  close  of  the  Cretaceous  era,  or  the  early 
*rtiarv ;  and  perhaps  it  does  not  exceed  the  upward  bulging 
the  d^lacial  era  of  part  of  northern  North  America. 
The  author  has  presented  reasons  for  believing*  that  in  this 
lacial  era  the  watershed  of  Canada,  between  the  River  St 
iwrence  and  Hudson's  Bay,  was  raised  at  least  5,500  feet 
lOve  its  present  level  (1.500  feet) ;  and  that  this  plateau  thus 
^ated  was  the  origin  of  the  great  glacier  which  moved  south- 
Btward  over  New  England.  This  region  is  the  summit  of  the 
stem  arm  of  the  great  V-shaped  A^oic  area  of  the  continent, 
e  earliest  elevated  land  of  North  America ;  and  it  is  not  im- 
obable  that  the  other  arm  of  the  Y,  reaching  irom  Lake 
iperior  and  Huron,  northwestward,  to  the  Arctic,  was  raised 

the  same  time  to  a  higher  elevation,  and  was  the  source  of 
Bcial  movements  over  the  more  central  portions  of  the  con- 
lent : — ^we  cannot  sa^  western  portions  also,  since,  in  the  Jirsi 
ace,  the  facts,  accordmg  to  Prof.  J.  D.  Whitney,  do  not  sus- 
in  the  statement;  and,  in  the  second^  the  great  mountain 
Dges  of  the  west  would  have  been  a  barrier  to  all  influences 
>m  any  central  continental  elevation,  and,  besides,  the  slopes 
these  ranges,  even  if  the  Pacific  border  were  higher  to  the 
>rth  than  now,  would  have  in  general  determined  the  course 
the  western  glacial  movements. 

The  idea  that  the  two  arms  of  the  great  Azoic  V  were  raised 
gether,  is  not  without  some  support  For  the  courses  of  the 
o  were  the  courses  of  great  continental  uplifts  or  movements, 
ain  and  again,  through  the  successive  subsequent  ages ;  and 
e  present  outline  of  the  continent  is  but  the  final  expression 

the  great  fact;  moreover,  the  elevations  parallel  to  the 
38tem  arm  of  the  V  have  been  much  the  greatest  Even  the 
Loeptional  courses,  such  as  the  nearly  north  and  south  trend 

the  Green  Mountains,  were  markea  out  first  in  the  Azoic, 
e  Azoic  peninsula  of  northern  New  York  with  the  line  of  the 
dirondacks  being  an  exhibition  of  it  And  all  this  unifbrm- 
f  of  movement,  from  the  laying  of  the  first  stone  in  the  de- 
^lopin^  continent  to  the  last,  has  been  shown  by  the  author 
>  be  directly  connected  with  the  fact  that  the  continent  has 
ways  been  bordered  bv  the  same  two  great  oceanic  depres- 
ons,  the  Atlantic  and  tne  larger  Pacific,  the  same  in  trend  of 
Kis  as  now,  the  North  Atlantic  having  a  northeast  and  south- 
west trend,  parallel  with  one  arm  of  tne  Azoic,  and  the  Pacific 
northwest  and  southeast  parallel  with  the  other  arm  of  the 
^ic  It  is  therefore  reasonable  that,  late  in  geological  his- 
ory,  during  the  Glacial  era,  afl;er  the  great  mountain  chains  of 

♦  This  Jouraal,  IH,  li,  1871. 

Am.  Joub.  Sci.— Thibo  Sebibb,  Vol.  IV,  No.  19.— Jctlt,  1872. 
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the  continent  bad  been  made  and  raised  to  tbeir  fall  height, 
and  the  surface  crust  thickened  over  all  the  continent,  except 
that  of  the  Azoic  nucleus,  by  successive  beds  to  a  thickness  of 
thousands  of  feet,  even  thirty-five  thousand  by  the  close  of  the 
Paleozoic  along  the  Appalachians,  and  probably  much  beyond 
this  on  the  Pacific  border ;  and  when  these  thick  sediments  had 
in  many  regions  been  stiffened  by  crystallization  or  metamor- 
phism ;  I  say  it  is  reasonable  that,  finally,  changes  of  level, 
through  the  working  of  the  old  system  of  forces,  should  again 
have  affected  most  the  old  nucleal  Azoic  area  of  the  continent, 
where  there  had  been  no  thickening  except  what  had  taken 
place  internally ;  and  that,  if  one  arm  of  the  Y,  that  along  the 
Canadian  watershed,  were  raised  at  this  time — as  the  &cts 
prove — the  other,  northwestern  in  trend,  should  also  have  been 
raised,  and  to  a  greater  extent  This  is  at  least  probable  enough 
to  become  a  question  for  special  examination  over  the  region. 

These  northern  continental  upward  movements  which  intro- 
duced the  Qlacial  era,  carrying  the  Arctic  far  toward  the 
tropics,  may  have  been  a  balance  to  the  dovomoard  cx^eanic 
movements  that  resulted  in  the  formation  of  the  Pacific  atolls. 
While  the  crust  was  arching  upward  over  the  former  (not  ris- 
ing into  mountains,  but  simply  arching  upward),  it  may^  have 
been  bending  downward  over  tne  vast  central  area  of  the  great 
ocean. 

The  changes  which  took  place,  cotemporaneously,  in  the 
Atlantic  tropics,  are  very  imperfectly  recorded.  The  Bahamas 
show  by  their  form  and  position  that  they  cover  a  submerged 
land  of  large  area  stretching  over  six  hundred  miles  from  north- 
west to  southeast  The  long  line  of  reefs  and  the  Florida  Keys, 
trending  far  away  from  the  land  of  southern  Florida,  are  evi- 
dence tnat  this  Florida  region  participated  in  the  downward 
movement,  though  to  a  less  extent  than  the  Bahamaa  Again, 
the  islands  of  the  West  Indies  diminish  in  size  to  the  eastward, 
being  quite  small  in  the  long  line  that  looks  out  upon  the  blank 
ocean,  just  as  if  the  subsidence  increased  in  tnat  direction. 
Finally,  the  Atlantic  beyond  is  water  only,  as  if  it  had  been 
made  a  blank  by  the  sinking  of  its  lands. 

Thus  the  size  of  the  islands,  as  well  as  the  existence  of  coral 
banks,  and  also  the  blankness  of  the  ocean's  surface,  all  appear 
to  bear  evidence  to  a  great  subsidence. 

The  peninsula  of  Florida,  Cuba,  and  the  Bahamas  look,  as 
they  lie  together,  as  if  all  were  once  part  of  a  greater  Florida  or 
southeastern  prolongation  of  the  continent  The  northwestern 
and  southwestern  trends,  characterizing  the  great  features  of  the 
American  continent^  run  through  the  whole  like  a  waro  and 
woof  structure,  binding  them  together  in  one  system ;  the  former 
^2^d|  the  northwest,  existing  in  Florida  and  the  Bahamas,  and 
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the  main  line  of  Cuba ;  and  the  latter  course,  the  west-southwest, 
in  cross  lines  of  islands  in  the  Bahamas  (one  at  the  north  ex- 
tremity, another  in  the  line  of  Nassau,  and  others  to  the  south- 
east), m  the  high  lands  of  northwestern  and  southeastern  Cuba, 
and  in  the  Florida  line  of  reefs,  and  even  further,  in  a  sub- 
merged ridge  between  Florida  and  Cuba.  This  combination  of 
the  two  continental  trends  shows  that  the  lands  are  one  in  sys- 
tem, if  they  were  never  one  in  continuous  dry  land. 

We  cannot  here  infer  that  there  was  a  regular  increase  of 
subsidence  from  Florida  eastward,  or  that  Florida  and  Cuba 
participated  in  it  equally  with  the  intermediate  or  adjoining 
seas ;  tor  the  facts  in  the  Pacific  have  shown  that  the  subsiding 
oceanic  area  had  its  nearly  parallel  bands  of  greater  and  less 
subsidence,  that  areas  of  greatest  sinking  alternated  with  others 
of  less,  as  explained  on  page  828 ;  and  Uiat  the  groups  of  hi^h 
islands  are  along  the  bands  of  least  sinking.  So  in  the  Atlantic, 
the  subsidence  was  probably  much  greater  between  Florida  and 
Cuba  than  in  the  peninsula  of  Florida  itself;  dnd  greater  along 
the  Caribbean  Sea  parallel  with  Cuba,  as  well  as  along  the 
Bahama  ree&,  than  m  Cuba. 

The  position  of  the  lonely  Bermuda  atoll  confirms  these  de- 
ductions. Its  solitary  state  is  reason  for  suspecting  that  great 
changes  have  taken  place  about  it ;  for  it  is  not  natural  for 
islands  to  be  alone.  The  tongue  of  warm  water  due  to  the 
Gulf  Stream,  in  which  the  Bermudas  lie,  is  narrow,  and  an 
island  a  hundred  miles  or  more  distant  to  the  northeast-by-east, 
or  in  the  line  of  its  trend,  if  experiencing  the  same  subsidence 
that  made  the  Bermuda  land  an  atoll,  would  have  disappeared 
without  a  coral  monument  to  bear  record  to  its  former  existence. 
Twenty  miles  to  the  southwest-by-west  from  the  Bermudas, 
(here  are  two  submerged  banks,  twenty  to  forty-seven  fathoms 
under  water,  showing  that  the  Bermudas  are  not  completely 
alone,  and  demonstrating  that  they  cover  a  summit  in  a  range 
of  heights ;  and  it  may  have  been  a  long  range. 

In  tne  Indian  ocean,  again,  there  is  evidence  that  the  coral- 
island  subsidence  was  one  that  afiected  the  oceanic  area  more 
than  the  adjoining  borders  of  the  continent,  and  most,  the  cen- 
tral parts  of  the  ocean.  For,  in  the  first  place,  the  Archipelago 
of  the  Maldives  narrows  and  deepens  to  the  southward.  Fur- 
ther, the  large  Chagos  Group,  lying  to  the  south  of  the  Maldives, 
as  remarked  upon  hj  Darwin,  contains  but  very  little  dry  land  ' 
in  any  of  its  extensive  reefs,  while  some  of  them,  including  the 
Great  Chagos  Bank,  are  sunken  atoll&  Again,  still  other  Targe 
reefe  nearly  bare,  lie  to  the  southwest  of  the  Chagos  Group ; 
while  Reeling's  is  another  outlying  atoll  southwest  of  southern 
Sumatra  and  far  out  toward  mid-ocean. 
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The  probability  is,  therefore,  that  both  the  central  Atlantic 
and  Indian  Oceans  were  r^ons  of  this  subsidence,  like  the 
central  Pacific,  and  that  the  absence  of  islands  over  a  large 
part  of  their  interiors  may  be  a  consequence  of  it  A  rate  of 
sinking  exceeding  five  feet  in  a  thousand  years  (if  my  estimate 
firom  the  growth  of  corals  is  right)  would  have  buried  islands 
and  reefs  together  in  the  ocean ;  while,  with  a  slower  rate,  the 
reefs  might  have  kept  themselves  at  the  water's  surface.  So 
small  may  have  been  the  difference  of  rate  in  the  great  move- 
ment that  covered  the  Pacific  with  coral  islands,  but  lefb  the 
Indian  Ocean  a  region  of  comparatively  barren  waters,  with 
some  ^'  half-drowned "  atoUs,  and  the  central  Atlantic  almost 
wholly  a  blank. 

While  thus  seeming  to  prove  that  all  the  great  oceans  have  their 
buried  lands,  we  are  far  from  establishing  that  these  lands  were 
oceanic  continents.     For  as  the  author  has  elsewhere  shown,  the 

Erofoundest  facts  in  the  earth's  history  prove  that  the  oceans 
ave  always  beeA  oceans.  These  landls  in  all  probability  were, 
for  the  most  part,  volcanic  islands  or  summits  of  volcanic  ranges, 
for  of  this  nature  are  all  the  islands  over  the  interior  of  either 
ocean  that  are  not  of  coral  origin. 

The  course  of  argument  leads  us  to  the  belief  that  a  voy 
large  number  of  islands,  more  than  has  been  supposed,  lie  bur- 
ied in  the  ocean.  Coral  islands  give  us  the  location  of  many  of 
these  lands ;  but  still  we  know  little  ef  the  extent  to  which  the 
earth's  ranges  of  heights,  or  at  least  of  volcanic  peaks,  have  dis- 
appeared through  oceanic  subsidenca  Recent  dredgings  and 
soundings  have  proved  that  the  bottom  hi  the  oceanic  basin 
has  little  of  the  diversity  of  mountain  chains  and  valleys  that 
prevail  over  the  continents ;  and,  through  this  observation  (and 
also  by  the  discovery  that  some  ancient  types  of  animal  life, 
supposed  to  have  been  long  extinct,  are  perpetuated  there),  they 
have  afforded  new  demonstration  of  the  proposition,  above  sta- 
ted, that  the  oceans  have  always  been  oceans.  But  while  the  &cts 
do  not  imply  the  existence  deep  in  the  ocean  of  many  granitic 
mountain  cnains,  they  do  teach  that  there  are  long  ranges, 
or  lines,  of  volcanic  ridges  and  peaks,  and  some  of  these  may 
be  among  the  discoveries  of  future  dredging  expeditions.  A 
range  of  deep-sea  cones,  or  sunken  volcanic  islands,  would  be 
as  interesting  a  discovery  as  a  deep-sea  sponge  or  coral,  even  if 
it  should  refuse,  excepting  perhaps  a  mere  fragment,  to  come  to 
the  surface  in  the  dredga 

We  may  also  accept,  with  some  confidence,  the  conclusion 
that  atolls  and  barrier  reefs  originated  in  the  same  great  bal- 
ance-like movement  of  the  earth's  crust  that  gave  elevation  and 
cold,  in  the  Glacial  era,  to  high -latitude  lands.  If  so,  the 
tropics  and  the  colder  latitudes  were  performing  their  several 
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works  simultaneously  id  preparatiou  for  the  coming  era ;  and 
it  is  a  gain  to  us  in  our  contemplations,  that  we  hence  may  bal- 
ance the  beauty  and  repose  of  the  tropics,  through  all  the  pro- 
gressing changes,  against  the  prolonged  scenes  of  glacial  deso- 
lation that  prevail^  over  large  portions  of  the  continents. 


Abt.  IX. — On  a  precise  Method  of  tracing  the  Progress  and  of 
determining  the  Boundary  of  a  Wave  of  Conduct^  Heat ;  by 
Alfred  M.  Mayer,  PLD.,  Professor  of  Physics  in  the 
Stevens  Institute  of  Technology,  Hoboken,  N.  3. 

In  1870  Meusel  experimented  on  the  formation  of  double 
iodides,  and  on  the  remarkable  changes  of  color  produced  in 
these  bodies  by  heat*  He  prepared  a  double  iodiae  of  copper 
and  mercury,  by  adding  to  a  warm  solution  of  mercuric  iodide 
in  potassium  ioaide,  copper  sulphate  and  theif  sulphurous  acid ; 
the  resulting  precipitate  is  of  a  brilliant  carmine  red  and  (in 
that  experimented  on  by  me)  turns  to  a  deep  chocolate  brown 
on  heating  to  about  70**  C.  In  order  forcibly  to  exhibit  this 
change  of  color,  Boettger  moistened  the  iodide  with  weak  gum 
water,  and  painted  it  on  paper;  on  heating  the  latter,  the 
change  of  color  is  produced,  and  on  cooling,  tne  iodide  regains 
its  former  brilliancy. 

Dr.  G.  F.  Barker  had  the  kindness  to  present  me  with  a  card 
so  prepared,  and  on  experimenting  with  it  I  soon  perceived  the 
valuable  means  it  afibrued  of  tracing  the  progress  and  of  deter- 
mining the  boundary  of  a  wave  of  conaucted  heat  To  Dr. 
Barker  I  am  also  inaebted  for  the  iodide  used  in  the  experi- 
ments I  here  present 

The  first  use  I  made  of  this  substance  was  to  track  the  heat 
conducted  by  bars  and  plates  of  metal,f  and  the  sharpness  of 
the  boundary  of  the  colors  instigated  me  to  test  the  value  of 
this  mode  of  experiment,  by  applying  it  to  a  determination  of 
the  elliptical  contour  of  the  isothermal  of  conduction,  in  the 
principal  section  of  a  quartz  crystal. 

S^narmont,  in  his  beautiful  researches  on  this  subject  (Ann. 
de  Ch.  et  de  Ph.,  8«  S.,  t  xxi,  xxii),  has  carefully  determined 
the  ratio  of  the  axes  of  this  elliptical  figure,  by  coating  a  thin 
longitudinal  section  of  the  crystal  with  wax,  and  leading 
through  it  a  silver  wire,  by  means  of  which  heat  was  brought 

♦  Ber.  BerL  Chem.  Ges.,  iii,  123,  1870.  BuL  Soc.  Ch.,  II,  xiii,  220, 1870.  J.  Pr. 
Ch.,  II,  ii,  136,  Aug.,  1870 

f  The  iodide  is  decomposed  by  contact  with  certain  metals ;  these  should  be 
coated  with  a  film  of  collodion,  or  electrotyped  with  copper  before  applying  the 
iodide. 
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to  the  center  of  the  plate,  whence  it  was  conducted  outward, 
and  its  progress  and  isothermal  contour  determined  by  the 
melting  of  the  wax.  The  following  are  S^narmont's  experi- 
ments on  a  plate  27°*"  square,  whose  sides  were  parallel  and 
perpendicular  to  the  principal  axis  of  the  crystal : 

£zp.       Mijor  Axis.     Minor  Axis.       Ratios. 


1 

12*60 

9-76 

1-28 

2 

11-60 

8-60 

1-36 

3 

10-00 

7-60 

1-33 

4 

12-00 

9-00 

1-38 

5 

13-76 

10-00 

1-37 

6 

18-00 

1400 

1-29 

7 

15-00 

12  00 

1-25 

8 

9-76 

7-60 

1-30 

1-31  Mean  Ratia 

S^narmont,  in  the  above  experiments,  used  every  precaution 
to  attain  accurate' results.  He  screened  the  plate  from  draughts 
of  air  and  from  radiations ;  kept  the  plate  horizontal  and  fre- 
quently rotated  it  around  its  heated  wire.  After  the  ellipse 
had  b^ome  constant  in  its  form,  he  allowed  the  plate  to  cool, 
and  then  measured  the  axes  of  the  ellipse  by  means  of  a 
micrometer. 

In  the  experiments  which  follow,  I  used  a  quartz  plate 
27°^  long,  22°*"  wide,  and  whose  thickness  was  1-2°^.  Its 
center  of  fi^re  was  pierced  by  a  hole  1-26"*™  in  diameter, 
through  which  passed  the  vertical  conical  end  of  a  silver 
wire.  The  iodide  was  made  into  a  paint  with  weak  gum 
water,  and  in  experiments  1,  2,  S  and  4  was  applied  to  the 
surface  of  the  plate  by  a  camel's  hair  pencil  In  experiments 
5,  6,  7  and  8,  the  better  plan  was  adopted  of  flowing  the  iodide 
over  the  plate,  and  allowing  the  water  spontaneously 
to  evaporate.  Thus  we  obtain  a  smooth,  evenly  distributed 
coating,  giving  a  sharp  outline  to  the  elliptical  figure  of  the  con- 
ducted heat  The  plate  was  screened  trom  radiations  of  the 
flame  which  heatea  the  wire,  but  was  not  shielded  from 
currents  of  air,  nor  was  unequal  radiation  of  the  iodide  specially 
prevented.  The  method  of  measurement  was  as  follows :  after 
the  ellipse  was  well  formed,  and  of  permanent  dimension,  the 
extremities  of  its  longer  and  of  its  shorter  axes  were  marked  by 
scratching  through  the  iodide  with  a  very  slender  steel  point; 
the  plate  was  then  removed,  and  the  lengths  of  the  axes  deter- 
mined by  means  of  dividers  and  a  scale  divided  into  half 
millimeters. 
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Exp.      Major  Axis.      Minor  Axis.      Batioa. 
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6 

12-8 
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1-34 

7 

12-8 

9-5 

1-34 

8 

16-4 

irs 

1-38 

1  -33  Mean  Ratio. 

n  opinion  on  the  relative  values  of  the  two  modes  of  ex- 
nenting  can  only  be  formed  from  a  discussion  of  the  two 
s  of  observations  by  the  method  of  least  squares.  It  is 
that  the  series  are  not  as  extended  as  one  would  wish  for 
application  of  this  process,  yet  its  results  are  equally  fair 
x)tn.     We  thus  have  found  that  th< 


)ableerror  of  a  single  determination  of  ratios  in  S.'sseriesis  -0267 

"  in  the  mean  ratio  "  S/s       "      -0094 

"  "  "  M.'8      "      -0060 

rom  these  figures  we  infer  that  S6narmont*s  ratio  is  barely 
to  a  hundredth,  while  my  result  can  be  relied  on  to  that 
re,  and  if  my  measures  had  been  made  with  a  micrometer 
■oscope,  on  a  plate  protected  from  unequal  radiation,  and 
Ided  from  currents  of  air,  I  would  have  obtained  a  ratio 
ible  to  the  third  decimal  place. 

0  the  higher  ratio  of  my  determination  I  attach  no  impor- 
e ;  I  attribute  it  to  the  peculiarity  of  this  particular  crystal, 
several  measures  on  this  plate,  with  a  waxed  surfisu^e,  gave 

1  a  higher  ratio  than  when  the  iodide  was  used.  It  hence 
jars  that  to  obtain  the  correct  ratio  for  a  given  crystal,  the 
n  ratio  derived  from  several  plates  should  be  adopted. 

he  remarkable  change  of  color  which  heat  produces  in  this 
ie  led  me  to  hope  that  this  molecular  cnange  would  be 
mpanied  by  a  simultaneous  variation  in  its  radiating  power, 
jolve  this  problem,  I  made  the  following  experiments,  at 
jrent  temperatures,  below  and  above  the  degree  at  which 
olor  changes.  One  side  of  a  hot-water  cube  was  coated 
I  lamp-black,  and  another  side  with  a  thick  paste  of  iodide 

gum-water;  after  the  latter  had  nearly  dried,  I  sifted 
le  over  it,  and  caused  this  to  adhere  by  rubbing  it  gently 
I  my  finger.     The  cube  was  now  filled  with  water,  in  which 

supported  a  thermometer.  The  water  was  raised  to  the 
wing  temperatures,  and  frequently  agitated,  so  as  to  ensure 
liform  heating  of  the  cube.  The  deflections  produced  in 
galvanometer  needles  by  the  lamp-black,  and  by  the  iodide, 
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were  then  obtained  for  each  fixed  temperature.    Each  deflection 
given  below  is  the  mean  of  three  experiments. 

Temp.  Lamp-black.  Iodide.  Ratio  of  DefleotioDS.  Changes  in  Color. 

60**        18-76       13-76  1  :  '70 

050        2'>-25       17-  1  •  -71         (  Cherry  red,  and  turniiiffia 

j      spots  to  chocolate  color. 

68  22  76       16  26  1   .    71         <    chocolate  color. 

'  700        240         16-87  1  :  '70        \  ^^""^^  ^''^^  ^^  *  ^®^P 

1      brown. 
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26-0 

17-62 

1  :  -70 

Deep  pi 

irplish 

76^ 

26-26 

18-62 

1  :  -70 

a     '^ 

a 

00^ 

46-0 

30-5 

1  :  -67 

a 

a 

The  last  experiment,  in  which  the  temperature  of  the  sur&ce 
was  100°,  gave  deflections  so  £eu*  exceeding  those  produced  before 
that  I  sought  to  render  them  comparable  by  removing  the  hot 
water  cube  to  a  greater  distance  from  tne  thermo-battery, 
when  I  obtained  the  following  ratio : 

Temp.        Lamp-black.       Iodide.  Batio. 

100^  20*  13-410  1  :  -67 

The  result  was  the  same  ratio  as  formerly  obtained. 

These  experiments  seem  to  show  that  the  molecular  change 
in  the  iodiae,  which  causes  it  to  act  so  differently  in  reflecting 
light,  does  not  appear  to  have  any  action  on  its  power  of 
radiating  the  rays  of  heat  of  low  intensity.  I  intend,  nowever, 
to  return  to  this  investigation,  provided  with  an  apparatus 
giving  the  differential  actions  of  two  cubes,  and  having  a 
carefully  calibrated  galvanometer,  and  with  this  arrangement  to 
test  the  reflecting  as  well  as  the  radiating  power  of  this  and 
other  iodides. 

Several  applications  of  this  iodide  for  showing  elevations  of 
temperature  will  naturally  present  themselves;  for  example, 
Foucault^s  experiment  of  the  heating  of  a  copper  disc,  when 
rotating  in  the  magnetic  field,  can  be  exhibited  to  a  large 
audience  by  painting  the  disc  with  this  iodide ;  on  the  disc 
attaining  70*^  C,  the  brilliant  scarlet  will  change  to  a  deep 
brown,  to  regain  its  former  brilliant  hue  on  cooling. 

A  more  useful  application  may  be  made  of  this,  or  of  several 
other  more  appropriate  metallic  compounds,  by  painting  them 
on  the  pHlow-mocks,  and  other  parts  of  machines  which  are  liable  to 
injurious  heating  from  friction.  Thus  the  machinist  can,  from 
the  colors  of  these  paints,  ascertain  the  temperature  of  these 
sometimes  inaccessible  parts  of  moving  machines. 

May  20,  1872. 
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Art.  X. — Remarks  on  die  late  Criticisms  of  Prof  Dana ;  by 

T.  Sterry  Hunt,  LL.D.,  RRS. 

In  this  Journal  for  February  last  (p.  86)  Prof.  Dana  has 
criticized  certain  points  in  my  address  "  On  the  Geognosy  of 
the  Appalachians  and  the  Origin  of  Crystalline  Bocks,"  given  in 
August,  1871,  at  Indianapolis,  before  the  American  Associa- 
tion for  the  Advancement  of  Science.  I  am  chained  by  him 
with  rejecting,  for  many  mineral  silicates,  the  view  that  they 
are  pseudomorphs ;  that  is  to  say,  crystals  chemically  altered 
without  loss  of  external  form.  1  have  denied  that  crystals  of 
serpentine  having  the  shape  of  chrysolite,  pyroxene,  a<.»lomite, 
etc,  and  crystals  of  pinite  having  the  shapes  of  nepheline  or 
M^tpolite,  are  results  of  a  chemical  change  of  these  species ; 
notwithstanding  this  view  is  now  held  by  most  mineralogists 
on  the  grounds  of  similarities  of  geometrical  form  and  the 
existence  of  what  are  regarded  as  intermediate  stages  in  the 
process  of  transmutation :  and  I  have  maintained  another  and 
a  very  di£ferent  view,  which,  in  my  opinion,  is  more  rational 
Until  we  can  watch  the  transmutation  of  one  of  these  species 
into  another,  the  argument  from  supposed  intermediate  forms 
is  worth  no  more  in  the  mineral  than  in  the  organic  world  ;  the 
reasoning  of  the  transmutationists,  in  the  one  case  and  the 
other,  resting  upon  somewhat  similar  considerations.  In  either 
case  we  may  say,  with  Prof  Warrington  Smyth,  that  in  these 
intermediate  forms  ^'  lie  the  materials  for  a  histor}'^ ;"  while  we 
venture,  with  him,  to  express  a  doubt  whether,  from  a  series  of 
specimens  supposed  to  show  a  transition  from  chrysolite  to 
serpentine,  or  6om  hornblende  to  chlorite,  ''  we  are  obliged  to 
conclude  that  there  has  been,  historically  speaking^  an  actual 
transition  from  the  one  to  the  other."  [See  his  anniversary 
address,  as  president  of  the  Geological  Society  of  London,  in 
1867.] 

Pro£  Dana  says  that  Scheerer  is  the  only  one  who  shares  my 

peculiar  views  on  this  question.     I  have,  however,  asserted  in 

my  address  that  Delesse  has  maintained  the  views  of  Scheerer 

and  myself  as  opposed  to  the  popular  doctrine  of  epigenesis, 

and  shall  endeavor  to  make  good  my  assertion.     In  nis  essay 

on  Pseudomorphs,  published  in  1859  [Ann.  des  Mines,  V,  xvi, 

817-892],  Delesse  b^ns  his  argument  oy  remarking  that  since, 

in  some  cases,  a  mineral  is  found  to  be  surrounded  by  another 

clearly  resulting  from  its  alteration  (as  for  example  anhydrite 

by  gypsum),  certain  mineralogists  have  supposed  that  wherever 

one  mmeral  encloses  another  there  has  been  epigenesis  or  pseu- 

domorphous  alteration.     Such,  he  says,  may  sometimes  be  the 

case,  but  it  is  easy  to  see  that  it  is  not  so  habitually.     A  crys- 
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tallized  mineral  species  frequently  includes  a  large  and  even  a 
predominating  portion  of  another,  and  the  combination  is  then 
considered  by  many  as  an  example  of  partial  pseudomorphous 
alteration.  In  such  instances,  remarks  Delesse,  the  question 
arises  whether  we  have  to  do  with  the  results  of  envelopment^ 
or  of  chemical  alteration ;  to  resolve  which  it  becomes  necessary 
to  study  carefully  the  problem  of  envelopinent  He  then  pro- 
ceeds to  show  tliat  the  enveloped  substance  is,  in  some  cases, 
crystalline  (and  arranged  either  symmetrically  or  asymmetri- 
cally with  regard  to  the  enveloping  mass),  and  in  other  cases 
amorphous,  and  enclosed  like  the  sand-grains  which  predominate 
in  the  calcite  crystals  of  Fontainebleau.  The  difficulty  in 
deciding  whether  we  have  to  do  with  envelopment  or  with 
epigenesis  increases  when  the  enveloped  mineral  becomes  so 
aoundant  as  to  obscure  the  envelopmg  species,  or  when  it 
becomes  mixed  with  it  in  so  intimate  a  manner  as  to  seem  one 
with  the  latter,  {se  fondre  insensiblement  avec  lui).  The  propor- 
tions of  the  enveloped  and  the  enveloping  mineral,  we  are 
told,  may  so  far  vary  that  the  one  or  the  other  is  no  longer 
recognizabla  "  As  the  forces  which  determine  crystallization 
have  a  great  energy,  the  enveloping  mineral  is  sometimes 
found  in  so  small  a  quantity  as  to  be  entirely  masked  by  the 
enveloping  species."  "  When  minerals  have  crystallized  simul- 
taneously, they  have  been  able  to  become  associated  with  each 
other,  and  to  envelop  each  other,  in  all  proportions"  [loc.  cit, 
pages  838,  389,  841,  863]. 

Our  author  then  proceeds  to  tell  us  that  having  carefully 
studied,  in  numerous  specimens,  the  supposed  mica-pseudo- 
morphs  of  iolite,  andalusite,  cyanite,  pyroxene,  hornblende,  etc, 
he  regards  them,  as  in  all  cases,  examples  of  envelopment,  and 
expresses  the  opinion  that  we  must  omit  from  our  lists  a  great 
number  of  the  so-calleJ  pseudomorphous  minerals,  especially 
among  the  silicates.  The  final  result  of  the  process  of  envelop- 
ment is,  according  to  Delesse,  this — to  give  rise  to  mixed  min- 
eral aggregates,  owing  their  external  forms  to  the  crystallizing 
energy  of  one  of  the  constituents,  which  may  be  present  in  so 
small  a  quantity  as  to  be  completely  obscured  by  the  other 
matter  present.  From  this  condition  of  things,  result  crystal- 
line forms  which,  though  totally  diflferent  in  their  origin  fi*om 
the  products  of  chemical  alteration  or  substitution,  are  emphat- 
ically pseudomorphs. 

From  this  process  of  mechanical  and  move  or  le^s  heterogene- 
ous envelopment,  Delesse  next  proceeds  to  consider  the  crystal- 
lizing together  of  isomorphous  or  homoeomorphous  species,  in 
relation  to  the  generally  received  notion  of  epigenic  pseudo- 
morphism. He  declares  that  "isomorphism  explains  very 
well  facts  which  are  often  attributed  to  pseudomorphism,"  and 
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reality  examples   of  isomorphism"  [pages   864,   866].  ^ 

ig  to  the  well-known  investigations  of  Mitscherlich 
le  crystallizing  together,  in  all  proportions,  of  isomor- 
pecies,  and  of  the  symmetrical  crystallization  of  one  salt 
a  nucleus  of  another  isomorphous  with  it,  Delesse  sug- 
at  the  different  forms  and  varieties  of  homblendic  and 
lie  minerals  afford  many  examples  of  the  kind.  He 
is,  ^^  If,  as  Scheerer  has  remarked,  water  plays  in  silicates 
t  of  a  base,  anhydrous  silicates  may  crystallize  at  the 
tne  with  hydrated  silicates,  and  moreover  be  isomer- 
rith  them."  In  this  way,  he  suggests,  we  may  explain  by 
hism,  or  homoeomorphism,  the  association  with  pyroxene 
lydrous  species,  schiUer-spar,  as  weD  as  that  "  of  vari- 
ydrous  and  hydrated  minerals"  [pages  857,  858]. 
rther  illustration  of  the  words  just  quoted  from  Delesse, 
cite  from  Scheerer,  as  examples  of  what  he  called  poly- 
3omorphism,  the  association  (in  the  same  crystals)  of 
id  aspasiolite,  and  of  chrysolite  and  serpentina  If 
id  similar  species,  crystallize  together  because  they  are 
hous,  it  is  evident  that  they  may  each  crystallize  sepa- 
and  thus  the  crystals  of  serpentine  with  the  form  of 
te,  and  those  of  aspasiolite  and  other  so-called  hydrous 
nay  be  regarded  as  examples  not  of  epigenesis,  but  of 
hism. 

lave  thus  endeavored  to  set  forth,  chiefly  in  his  own 
he  views  enunciated  in  1859  by  Delesse,  according  to 
the  phenomena  of  so-called  pseudomorphism  among  ) 

silicates  are  to  be  explained,  for  the  most  part,  not  by 
1  alterations  of  pre-existing  species  but  by  envelop- 
nd  by  isomorphism.  That  the  above  are  really  his 
md  are  moreover  regarded  by  himself  as  contrary  to 
the  school  which  I  oppose,  Delesse  does  not  permit  us 
t ;  for  after  having  set  them  forth  as  his  own,  (apris 
pose  notre  mantkre  de  voir\  he  says,  "  We  hasten  to  add 
se  facts  may  also  be  explained  in  a  manner  altogether 
t  {peuvent  ausst  s' interpreter  dune  manure  toute  differ- 
ad  some  savants  of  Germany,  notably  G.  Rose,  Haidin- 
m,  G.  Bischof  and  Rammelsberg  have  sought  their  ex- 
n  in  pseudomorphism.  Their  example  has  been  fol- 
y  most  mineralogists,  etc."  [pages  358,  859]. 
the  ''pseudomorphism"  of  the  authors  just  named 
ical  alteration  or  epigenesis,  it  is  not  necessarv  to  re- 
e  reader ;  who  will  now  be  able  to  judge  whether  it  is 
ina  or  myself  who  has  misrepresents!  or  misunderstood 

Let  us,  however,  add  that  the  long  and  somewhat  I 

memoir  of  the  latter,  from  which  we  have  quoted,  is  ? 


I' 

t  ■ 


\ 
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wanting  in  unity  of  plan  and  purpose ;  and  that  parts  of  it,  if 
we  may  hazard  a  conjecture,  seem  to  have  been  written  while 
he  still  inclined  to  the  views  of  the  opposite  school.  From  the 
table  of  pseudomorphs  which  he  ha^  given,  and  from  many 
passages  m  the  text,  it  might  be  inferred  that  he  then  held  the 
notions  of  Bose,  Haidinger,  etc.,  which  he  elsewhere,  in  the 
same  paper,  speaks  of  as  being  entirely  dififerent  from  his  own. 
The  views  of  Delesse,  about  this  time,  underwent  a  great  chsmge, 
which  has  a  historic  importance  in  connection  with  those  which 
I  advocate.  When,  in  1867  and  1858,  he  published  the  first 
and  second  parts  of  his  admirable  series  of  studies  on  metamor^ 
phism,  Delesse  held,  in  common  with  nearly  every  geologist  of 
the  time,  to  the  eruptive  origin  of  serpentme  and  the  related 
magnesian  rocka  Seroentine  was  then  classed  by  him  with 
other  ^'  trappean  rocks ;  and  he  elsewhere  asserted  that  '^  granitic 
and  trappean  rocks  "  undergo  in  certain  cases  a  change,  near 
their  contact  with  the  enclosing  rock,  by  which  they  lose  silica, 
alumina  and  alkalies,  and  acquire  magnesia  and  water,  b^ng 
thus  changed  into  a  ma^esian  silicate ;  which  may  take  the 
fonn  of  saponite,  serpentme,  talc  or  chlorite.  [Ann.  des  Mines, 
Y,  xii,  609 ;  xiii,  898,  416].  It  would  be  difficult  to  state  more 
distinctly  the  view,  which  he  then  held,  of  the  origin  of  these 
magnesian  rocks  and  minerals  by  the  chemical  alteration  of 
plutonic  (granitic  and  trappean)  rocka  This  was  in  1868,  and 
in  1859  appeared  the  memoir  on  pseudomorphs,  already  no- 
ticed, in  which,  in  place  of  the  theory  of  epigenic  pseudomor- 
phism or  chemical  alteration  of  various  mineral  silicates,  taught 
oy  the  German  school,  he  brought  forward,  in  explanation  of 
the  facts  upon  which  this  was  based,  another  theory,  which  was 
only  an  extension  of  that  already  maintained  by  Scheerer  and 
mvself. 

It  was  not  until  1861  that  Delesse  published  the  last  part  of 
his  studies  on  metamorphism,  which  appeared  in  the  M^moiis 
of  the  Academy  of  Sciences  of  France  (voL  xvii),  and  in  it  we 
find  that,  consistently  with  the  new  views  adopted  by  him  in 
1859,  the  old  doctrine  of  the  epigenic  origin  of  serpentine  and 
the  related  magnesian  rocks  from  the  alteration  of  plutonic 
rocks,  is  abandoned.  In  its  stead,  it  is  here  suggested  by 
Delesse  that  all  these  magnesian  rocks  result  from  the  crystal- 
lization of  the  sepiolites  or  so-called  magnesian  clays,  which 
are  frequent  in  many  sedimentary  deposits.  These,  according 
to  him,  by  a  molecular  re-arrangement  of  their  elements,  may 
give  rise  to  serpentine,  talc,  chlorite,  and  their  various  associated 
and  related  minerals.  The  rocks  thus  generated  are  still  de- 
clared to  pass  insensibly  into  plutonic  rocks,  but  instead  of 
maintaining,  as  in  1858,  that  they  are  derived  from  the  latter, 
Delesse,  in  1861,  asserts,  on  the  contrary,  that  '*  the  plutonic 
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rocks  are  formed  from  tbe  metamorpbic  rocks,  and  represent 
the  maximum  of  intensity,  or  extreme  limit  of  metamor- 
phism." 

This  recognition  of  the  notion  that  the  CTcat  masses  of  ser- 
pentine, with  their  constantly  associated  homblendic,  talcose 
and  chlorite  rocks,  have  been  directly  formed  from  the  molec- 
ular re-arrangement  or  diagenesia  of  aqueous  magnesian  sedi- 
ments, and  not  from  the  chemical  alteration,  or  epigenesis  of 
erapted  plntonio  masses,  marks  a  complete  revolution  in  our 
views  of  the  history  of  the  crystalline  rocks.  The  new  doctrine 
did  not,  however,  originate  with  Delesse,  but  was  previously  put 
forward  by  myself  in  a  paper  "On  Some  Points  of  Chemical 
Gteology,"  read  before  tne  Geological  Society  of  London  in 
January,  1869,  appearing  in  abstract  in  the  Philosophtcul  Maga- 
zine for  February,  and  published  at  length  in  the  OeoUtgical 
Journal  for  November,  in  the  same  year.  I  there  maintained 
that  serpentines  were  '*"  undoubtedly  indigenous  rocks,  resulting 
fixnn  the  alteration  of  silico-magnesian  sediments  ;"  and  more- 
over asserted  that  the  final  result  of  heat,  aided  by  water,  on 
such  rocks,  would  be  their  softening,  and,  in  certain  cases,  their 
extravasation  as  plutonic  rocks;  which  were  regarded  "as, 
in  aU  cases,  altered  and  displaced  sedimenta"  When  this  paper 
was  written,  in  1868, 1  still  supposed  that  the  reactions  between 
the  el^nents  in  beds  of  siliceous  magnesian  carbonates  (which, 
I  had  shown,  may  give  rise  to  certain  niagnesian  silicates  in 
immediate  proximity  to  eruptive  rocks)  might  serve  to  explain 
the  ori^n  of  great  areas  of  serpentine  and  related  crystalline 
mamesian  silicates ;  but  my  studies  of  the  silicates  deposited 
during  the  evaporation  of  natural  waters,  and  of  the  magnesian 
sediments  of  the  Paris  basin,  soon  led  me  to  seek  the  origin  of 
these  rocks  in  the  alteration  of  previously  formed  uncrystalline 
magnesian  silicatea  This  view  was  set  forth  by  me  in  this 
Journal  jfor  March,  1860  [II,  xxix,  284]  and  more  fully  in  the 
Canadian  Naiwralist  for  June,  1860  [also  in  this  Journal,  xxxii, 
286],  where  it  was  pointed  out  that  steatite,  chlorite  and  serpen- 
tine were  probably  derived  from  sediments  similar  to  the  mag- 
nesian silicates  found  among  the  tertiary  beds  in  the  vicinity  of 
Paris,  the  so-called  magnesia^,  claya 

We  have  seen  that  these  various  novel  views,  put  forth  by 
me  in  1869  and  1860,  though  totally  difierent  from  those  taught 
bv  Delesse  in  1868,  were  int^rally  adopted  by  him  in  1861. 
These  dates  are  circumstantially  given  in  my  address  of  last 
year,  and  yet  Prof  Dana,  in  his  review  of  it,  charges  me  with 
"  following  nearly  Delesse  "  as  to  the  origin  of  serpentine.  He 
also  asserts  that  1  ^'make  Delesse  the  author  of  the  theory  of 
envelopment,"  when  I  have  there  declared  that  the  view  of 
Delesse-^^' that    the    so-called  cases  of  pseudomorphism,   on 
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which  the  theory  of  metamorphism  by  alteration  has  been 
built,  are,  for  the  most  part,  examples  of  association  and  en- 
velopment, and  the  result  of  a  contemporaneous  and  original 
crystallization, — is  identical  with  the  view  suggested  by  Scheerer 
in  1846,  and  generalized  by  myself,  when,  in  1863,  I  sought  to 
explain  the  phenomena  in  question  by  the  association  ana  crys- 
tallizing together  of  homologous  and  isomorphous  species." 
To  Delesse  therefore  belongs  the  merit  not  of  having  suggested 
the  notion  of  envelopment  in  this  connection,  but  of  lutving 
pointed  out  the  bearing  of  the  envelopment  of  heteromorpbous 
and  amorphous  species  on  the  question  before  us. 

Prof  Dana  moreover  asserts  that  while  Scheerer  is  the  only 
one  who  maintains  similar  views  to  myself,  I,  in  common  with 
all  other  chemists,  reject  the  chemical  speculations  which  lie  at 
the  base  of  his  views.  On  the  contrarv,  unlike  most  chemists, 
who  have  failed  to  see  the  great  principle  which  underlies 
Scheerer*s  doctrine  of  polymeric  isomorphism,  I  have  main- 
tained [this  Journal,  II,  xv,  280  ;  xvi,  218]  that  it  enters  into  a 
general  law,  in  accordance  with  which  bodies  whose  formulas 
differ  by  uMjO,  or  nHjOj,  may  (like  those  differing  by 
nHjCj),  have  relations  of  homology,  and  moreover  be  isomor- 
phous. The  existence  of  these  same  relations  was  further 
maintained  and  exemplified  in  a  paper  on  Atomic  Volumes, 
read  by  me  before  the  French  Academy  of  Sciences  and  pub- 
lished in  the  Comptes  Rendus  of  July  9,  1865.  This  view,  wnich 
I  have  never  repudiated,  is  reiterated  in  my  address  last  year, 
and  declared  to  include  the  polymeric  isomorphism  of  Scheerer. 

Prof.  Dana  next  says  that  in  asserting  that  **  the  doctrine  of 
pseudomorphism  by  alteration,  as  taught  by  G.  Rose,  Haidinger, 
blum,  Volger,  Rammelsberg,  Dana,  Bischof  and  many  others, 
leads  them  *  *  *  to  maintain  the  possibility  of  converting 
almost  any  silicate  into  any  other,"  I  have,  in  his  language, 
"  grossly  misrepresented  the  views  of  at  least  Rose,  Haidinger, 
Blum,  Rammelsberg  and  Dana,"  and  that  I  '^  complete  the  cari- 
cature "  by  this  sentence,  to  be  found  in  my  address :  **  In  this 
way  we  are  led  from  gneiss  or  granite  to  limestone,  from  lime- 
stone to  dolomite,  and  from  dolomite  to  serpentine ;  or  more 
directly  from  granite,  granulite  or  diorite  to  serpentine  at  once, 
without  passing  through  the  intermediate  stages  of  limestone 
and  dolomite ;" — **  part  of  which  transformations,"  says  Prof 
Dana,  '*  I,  for  one,  had  never  conceived  ;  and  Rose,  Haidinger, 
Rammelsberg,  and  probably  Blum,  and  the  *many  others,* 
would  repudiate  them  as  strongly  as  myself."  The  *  many  others^ 
as  he  rightly  remarks,  are  "  other  writers  on  pseudomorphism," 
among  whom  it  would  be  unjust  not  to  name  their  progenitor, 
Breithaupt,  von  Rath  and  Muller,  at  the  same  time  with  Volger 

"  Bischof     According  to  Prof.  Dana,  I  "  add  to  the  misrep- 
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sentation  by  means  of  the  strange  conclusion  that  because 
Lch  writers  hold  that  crystals  may  undergo  certain  alterations 
composition,  therefore  they  believe  that  rocks  of  the  same 
institution  may  undergo  the  same  changes."  This  ^^ strange 
ncitision  "  I  have  always  supposed  to  be  Pro£  Dana's  own. 
o  one  has  perhaps  asserted  it  so  clearly  or  so  broadly  as  him- 
If,  and  I  shall  tnerefore  quote  his  own  words  in  my  justifica- 
>n.  As  early  as  1845,  in  an  article  entitled  '*  Observations  on 
aeudomorphism/'  [this  Journal  I,  xlviii,  92]  he  wrote :  **  The 
me  process  which  has  altered  a  few  crystals  to  quartz  has  dis- 
ibuted  silica  to  fossils  without  number,  scattered  through  rocks 
*  all  ages.  The  same  causes  that  have  originated  the  steatitic 
apolites,  occasionally  picked  out  of  the  rocks,  have  given 
amnesia  to  whole  rock-formations,  and  altered,  throughout, 
eir  physical  and  chemical  characters.  If  it  be  true  that  the 
ystais  of  serpentine  are  pseudomorphous  crystals,  altered  from 
irvsolite,  it  is  also  true,  as  Breithaupt  has  suggested,  that  the 
xls  of  serpentine  containing  them  are  likewise  altered;  though 
ten  covenng  square  leagues  in  extent,  and  common  in  most 
imary  formations.  The  beds  of  steatite,  the  stiU  more  exten- 
ve  talcose  formations,  contain  everywhere  evidence  of  the 
me  agents."  Again,  in  1864,  in  his  Mineralogy,  4th  edition, 
lage  226],  Prof  Dana,  after  a  complete  list  of  pseudomorphs, 
»mpiled  from  the  writers  of  the  school  in  question,  says: 
These  examples  of  pseudomorphism  should  be  understood  as 
ses  not  simply  of  alteration  of  crystals,  but  in  many  instances 
'  changes  in  beds  of  rock.  Thus  all  serpentine,  whether  in 
ountain-masses,  or  the  simple  crystal,  has  been  formed  through 
process  of  pseudomorphism,  or  in  more  general  language,  ofmeta- 
orphism;  the  same  is  true  of  other  magnesian  rocks,  as 
satitic  talcose  or  chloritic  slates.  Thus  the  subject  ofmeiamoT' 
xism,  as  it  bears  on  all  crystalline  rocks,  and  of  pseudomorphism, 
*e  but  branches  of  one  system  of  phenomena.^^  If  there  could  be 
ly  doubt  as  to  the  meaning  of  the  words  which  we  have 
ilicized,  in  quoting  them  from  Prof  Dana,  it  is  removed  by 
s  language  in  1868.  Then,  as  now,  adversely  criticising  mv 
lews  on  this  question,  he  refers  to  the  statements,  above  cited, 
ade  in  1846  and  1864,  as  expressions  of  his  doctrine,  men- 
oning  especially  the  first  one,  in  which,  he  says,  '^  metamor- 
hism  is  spoken  of  as  pseudomorphism  on  a  broad  scaled  [This 
oumal,  II,  XXV,  446] .  I  confess  that  I  do  not  understand 
'rof.  Dana,  when  in  his  last  criticism  of  me,  fourteen  years 
fter  the  one  just  quoted,  he  reproaches  me  with  having  charged 
im  with  holding  the  doctrine  that  ^^  regional  metamorphisfia  is 
)9eudomorphi\m  on  a  grand  scale  /"  and  declares  that  he  makes 
K>  such  remark,  neither  expresses  the  sentiment  in  his  Mineral- 
)gyof  1864. 
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With  these  eitations  before  us,  and  remembering  the  view8 
Scheerer,  and  the  later  ones  of  Delesse,  together  with  the  lan- 
guage of  the  latter  in  his  essav  on  Pseudomorpha,  let  us  no- 
tice the  words  of  Naumann.  addressed  to  Delesse  in  1861,  in 
allusion  to  the  essay  in  question.  "  Permit  me  to  express  to 
vou  my  satisfaction  for  the  ideas  enunciated  in  your  memoir  on 
l^seudomorphs,  ideas  which  my  friend  Scheerer  will  doubtless 
share  with  myself"  (I'rfrti*  que  mon  ami  JLT.  Scheerer  parta^era 
sans iioute comme  moim^me\  Then  follows  the  language  which 
I  have  quoted  in  my  address,  in  which  he  combats  the  error  of 
those  who  hold  that  gniessesw  amphibolites,  and  other  crystalline 
rwks  are  "  the  results  of  metamorphic  epigenesis,  and  not  ori- 
ginal Twks,"  and  adds^  "  It  is  precisely  i^ecause  psendomarphism 
ha^  f:'  o'i^n  l-een  conrmmdfd  tn'th  metaniorphism  that  this  error  has 
found  :ioceptance."  [Bull  Soc,  Geol.  de  Fr.,  11.  xviii,  678]. 
The  reader  must  now  iudee  whose  opinions  it  is  that  are  here 
denouroe^l  as  erroneous,  and  whether  Naumann  was  on  the  side 
o:"  Pre!.  Dana.  or.  with  Delesse.  on  the  side  of  Scheerer  and  my- 
sel:.  I  :Rs:st  the  more  stronely  on  this  matter,  because  Prof. 
Para  rot  only  declares  that  Delesse  and  Xaumann  have  always 
avowiv;  the  dooirines  of  the  transmutationist  school,  and  do  not 
ir.  any  -.vp.y  whatever  countenance  my  views^  but  implies  that  I 
have  deal:  'iniairly  with  these  authorities.  In  regard  to  an- 
o:irr  :v:r.t  raised  bv  Pn-^tl  Danx  I  mav  remark  that  their 
exy'ioi:  declarations  are  not  to  be  set  aside,  because  traces  of 
:r.r  .:  v:r:r.e  of  eri^^nio  ix?oudomon>hism  still  hold  a  place  in 
ir.r  *:v?:  e«-ii::or.  o:  Naiimar.n's  J/iVrfTi/fVv.  or  in  the  it^'ue  de 
'.rr-. '.'^'V,  of  whioh  Delesse  is  one  of  the  edit-^rs. 

Pr^:-  D.ir.r.  say?  "If  ther^  was  any  occasion  for  a  notice  of 
^•-7  oy'.r.:ov.Sw  a  oritio  of  1>71  shouU  have  referred  to  the  formal 
f:^Tr*s?*  ^r.  >:  them  in  niy  Mjnrc:-.  c''  irfryfyi.,  tirst  published  in 
I>^>.  Tr.-?  reader  will  there  dnd  the  aVo-^Ti^w  of  Giimbel, 
wiivTi  Mr.  Hunt  :ako<  cvcasion  to  conimeni  *  *  *  with  but  a 
rr-rf  5."!:>v.^r.  to  vseTidonion^hisni."  The  d',>ctrine  of  diagen- 
e<i5.  ::  is  hardly  recessary  to  say.  I  have  rever  attributed  to 
Gi:iLh-f"..  r.or  d^vs  he  o'airr.  Tt.  I:  is  the  old  doctrine  of 
H"r:::L  Pl?.vf<ir  ?.v.  i  Bo^:o.  is  :;^^lcht  bv  Bis^^hof  Chemical 
G-^rv-^y.  ni.  o:S  oi>.  ^e\  :ir.!  :y.r\-?.d:s  niy  vapors  o:  1859 
*=•!  l>r?»\  .=ilre?..v.-  rvf-^rT\v.  :v\  Pv!:  Trh:>  ::  hksbeen  generally 
:;nei  ths:  wh/.:.  -r.  r.:y  ad-lrws.  1  h.;ve  :;-.*Uri  the  first  class 
li"-:  r.vks  .vVr!S!<tir^  ohi-^r.y  .  f  rv^rtr  and  aluminous 
i-.zh:  resv/.t  frv^r.t  the  :r.o'e^  ^5.r  re-srrsiirenient  of  the 
K:scf  cl,\v  ar.d  sav-vr^vks.  I  v  a:  tmr.T*:  in  :hv>?e  papers  that 
I  hjkV^  "oAl>i  the  ;rys:;'.*.*::.c  r.vk*  ;:  the  sew'nd  class 
^  ^  ^hitrh  T-rt/xide  > /..'.^"o*  yr^v..^— rate  r.ive  been  irenerated, 
^  a 5irL-'.i.V  7r.vt*S8?w  ir.^'v:  '.eiwits  vv' .- r  ;'.:*.  v.'/.v- v rtr.evi  silicates. 
T>fw  c^ir*  a^:x»y:cv;  hy  IVles^w  AV.d  Vy  Gvitv.b^l  to  explain 
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gin  of  the  various  ma^esian  silicated  rocks,  hitherto 
ly  regarded  as  the  product  of  epigenesis,  the  latter  has 
3a  to  designate  the  process  as  diagenesis ;  a  term  which 
b,  as  one  well  fitted  to  denote  the  generation  of  all  kinds 
rtalline  rocks  through  a  molecular  re-arrangement  of 
Qtary  deposits,  of  whatever  origin.  Prof.  Dana,  in  com- 
ith  most  other  geologists,  admits  in  his  Mantuil  the 
tion  by  diagenesis  of  the  rocks  of  the  first  class,  but  in 
e  of  serpentine  and  steatite  declares  them  to  have  been 
by  epigenic  pseudomorphism  or  chemical  alteration  of 
nic  and  other  crystalline  rocks ;  the  origin  of  which  is 
irely  unexplained  It  is  true  that  his  allusions  to  pseu- 
>hi8m  in  this  volume  are  confined  to  very  brief  notices, 
es  704  and  710 ;  a  fact  which  is  the  more  noticeable,  when 
all  that  the  author  had  formerly  expressed  the  belief 
pseudormorphism  will  soon  constitute  one  of  the  most 
emt  chapters  in  geological  treatises."  [This  Journal,  I, 
66.]  That  Prof  Dana  has  receded  from  the  extreme 
m  this  subject  which  he  maintamed  irom  1845  to  1868, 
lich  I  have  constantly  opposed,  seems  probable;  but 
e  formally  rejects  them,  the  student  of  geology  will  not 
lally  suppose  that  he  still  gives  the  sanction  of  his 
ty  to  the  doctrine  which  he  once  taught,  without  any 
sation,  but  now  repudiates,  that  '^  meiamorphism  is  pseu- 
hism  on  a  broad  scale,^^ 

Dana  having  clearly  defined  the  proposition  that  the 
al  alterations  which  are  recognized  in  individual  crystals 
>e  conceived  as  extending  to  rock-masses ;  and  having 
er  asserted  that  the  principle  of  the  identity  of  metamor- 
uid  pseudomorphism  "bears  on  all  crystalline  rocks,"  is 
y  committed  to  all  the  deductions  as  to  the  changes  of 
p?hich  the  transmutationist  school  has  drawn  from  the 
Bd  alteration  of  minerals.  By  reference  to  the  table  of 
morphs  in  the  fourth  edition  of  Dana's  Mineralogy,  it 
seen  that  each  one  of  the  metamorphoses  of  rocks  men- 
in  the  above  extract  &om  my  address  is  based  upon  an 
i  epigenic  change  or  conversion  of  the  constituent 
I  shall  however  show,  in  addition,  that  in  each  case 
plication  of  the  principle  to  rock-masses  has  been  recog- 
y  one  or  more  of  the  authorities  already  named,  and  that 
called  caricature  has  been  drawn  by  their  own  handa 
id  be  easy,  did  space  permit,  to  extend  greatly  this  list  of 
9d  transmutations.  The  various  associations  of  rocks 
Lnerals  in  nature,  when  interpreted  according  to  the 
of  this  school,  seem  in  fact,  as  remarked  by  Prof.  War- 
Smyth,  in  his  address  already  quoted,  "to  offer  a 
m   to    the   ingenious  for  inventing  an  almost  infinite 

DB.  Sol— Third  Sebibs,  Vol.  IV,  No.  19,— July,  1873, 

4 


50  T.  S.  Hunt  on  (he  Criticisms  of  Prof .  Dana. 

series  of  possible  combinations  and  permutations."  Before  pro- 
ceeding forther  it  is  to  be  noted  that  no  distinction  can,  in  many 
cases,  be  established  between  the  results  of  alteration  (or  partial 
replacement)  and  substitution  (or  complete  replacement) ;  since 
successive  alterations  may  give  the  same  product  as  direct  sub- 
stitution. Thus,  for  example,  quartz  might  be  directly  replaced 
by  calcite,  or  else  first  altered  to  a  silicate  of  lime,  which,  in 
its  turn,  might  be  changed  to  carbonate.  The  alteration  of 
quartz  to  a  silicate  of  ma^esia,  and  that  of  both  pyroxene  and 
pectolite  to  calcite,  is  maintained  by  the  writers  of  the  present 
school. 

Metamorphosis  of  granite  or  gneiss  to  limestone.  Calcite,  we 
are  told,  is  pseudomorphous  of  quartz,  of  feldspar,  of  pyroxene, 
and  of  garnet,  besides  other  species:  it  moreover  replacee  both 
orthoclase  and  albite  "  by  some  process  of  solution  and  substi- 
tution." [Dana^s  Mineralogy,  5th  edition,  361.]  Since  quartz, 
orthoclase  and  albite  can  be  replaced  by  calcite,  the  transmuta- 
tion of  granite  or  gneiss  into  limestone  presents  no  difficulty. 
I  cannot,  at  present,  give  the  reference  to  the  statement  of 
Volger  that  some  gneissoid  limestones  owe  their  origin  to  such 
a  process. 

Metamorphosis  of  limestone  to  dolomite.  This  change  is 
maintained  by  von  Buch,  Haidinger  and  many  others.  I  am 
blamed  for  mentioning  in  connection  with  this  school  the  name 
of  Haidinger,  who,  Prof.  Dana  says,  "  never  wrote  upon  the 
subject  of  the  alteration  of  rocks."  It  has,  however,  never 
before  been  questioned  that  Haidinger  was  the  first,  if  not  to 
suggest,  to  clearly  set  forth  the  theory  of  the  supposed  conver- 
sion of  limestone  into  dolomite  by  the  action  of  magnesian  solu- 
tions, aided  by  heat  and  pressure ;  a  theory  which  I  have  else- 
where refuted.  [Bischof,  Chem.  Geology,  iii,  155,  158 ;  Zirkel, 
Petrographie,  i,  246 ;  Liebig  and  Kopp,  Jahresbericht,  1847-48, 
1289,  ana  this  Journal,  II,  xxviii,  376]. 

Metamorphosis  of  dolomite  to  serpentina  This  change  is 
maintained  by  G.  Rose  [Bischof,  Chem.  Geol.,  ii,  423],  and  by 
Dana  [this  Journal,  III,  iii,  89]. 

Metamorphosis  of  granite,  granulite,  and  eclogite  directly  into 
serpentine,  chlorite  and  talc.  These  transmutations  are  main- 
tained by  Miiller,  and  adopted  by  Bischof  [Chem.  GeoL,  ii, 
424,434.] 

Metamorohosis  of  limestone  to  granite  or  gneisa     This  is    j 
taught  by  Blum  and  Volger.    [Ibid.,  ii,  186 ;  iii,  431.]  ] 

Having  thus  given  the  authorities  for  the  examples  cited  in 
my  address,  I  may  notice  some  further  illustrations  of  the  doc- 
trine from  the  pages  of  Bischof 's  work  already  quoted.  Meta- 
morphosis of  diorite,  hornblende-rock  and  labradorite  to  serpen- 
tine; G.  Rose,  Breithaupt,  von  Rath  [ii,  417,  418].    Diorite  anil 
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blende-slate  to  talc-slate  and  chlorite-slate ;  G.  Rose  [iii,  812]. 
k-slate  to  talc-slate,  and  steatite  and  mica  to  serpentine, 
dte  and  talc ;  Blum,  C.  Gmelin  [ii,  405,  468].  Quartz-rock 
eatite ;  Blum  [ii,  468]. 

^ith  r^ard  to  New  England  rocks.  Prof.  Dana  asserts  that 
3re  are  gneisses,  mica-schists,  and  chloritic  and  talcoid  schists 
le  Taconic  series."     I  have,  however,  shown  in  my  address 

Emmons,  the  author  of  the  Taconic  system,  expressly 
uded  therefix)m  the  crystalline  rocks,  which  he  included  in 
Ider  primary  system ;  excepting,  however,  certain  micaceous 
talcose  beds,  which  he  declared  to  be  recomposed  rocks, 
e  up  from  the  ruins  of  the  primary  schists,  and  distinguished 
I  these  by  the  absence  of  the  characteristic  crystalline  min- 
\  which  belong  to  the  Green  Mountain  primary  schista 
gain,  Prof  Dana  states  that  I  make  tne  crystalline  schists 
le  White  Mountains  a  newer  series  than  the  Green  Mount- 
rocka  A  careful  perusal  of  my  address  will  show  that  I 
here  assert  that  the  rocks  of  the  third  series,  on  my  line  of 
on,  are  younger  than  the  second  series.  Such  a  view  of 
•  relations  has,  however,  been  maintained  for  the  last  gene- 
•n  by  the  Messrs.  Rogers,  Logan,  and  many  others,  all  of 
m  assigned  the  crystaUine  schists  of  the  Wnite  Mountains 
higher  geological  horizon  than  the  Green  Mountains.  In 
K)rt  of  this  view  of  their  relative  antiquity,  I  have,  it  is 

brought  together  observations  from  South  Carolina,  Penn- 
ania,  Michigan,  Ontario,  and  Maine,  all  of  which  point  to 
same  conclusion ;  and  I  might  now  add  similar  evidence 
I  New  Brunswick  and  from  Nova  Scotia.  My  "chrono- 
^  arrangement"  of  New  England  crystalline  rocks,  as  it  is 
d  by^  Prof  Dana,  so  far  as  it  is  my  own,  is  limited  to  my 
nation  that  thev  are  all  of  pre-Cambrian  age ;  in  proof  of 
th  it  need  only  be  mentioned  that  the  crystalline  schists  of 

the  types  in  question  are,  in  southern  New  Brunswick, 
jtly  overlaid  by  uncrystalline  shales,  sandstones  and  con- 
lerates,  made  up  in  part  of  the  ruins  of  these,  and  holding 
mbrian  (Menevian)  fauna. 

s  r^ards  the  mica-schists  with  staurolite,  cyanite,  andalu- 
and  garnet,  I  have  in  my  address  pointed  out  the  fact  that 

appear  to  belong  to  a  great  series  of  rocks,  very  constant 
laracter,  which  have  a  continuous  outcrop  from  the  Hudson 
r  to  the  St  John,  a  distance  of  500  miles,  and,  in  the  latter 
3n  are  clearly  pre-Cambrian.  I  have  moreover  brought 
ther  the  evidence  of  observers  in  other  parts  of  North 
erica,  in  Great  Britain,  in  continental  Europe,  and  in  Aus- 
a,  showing  that  similar  crystalline  schists,  holding  these 
e  minerals,  always  occupy,  in  these  regions,  a  similar  geo- 
cal  horizon.     Prof  Dana  hereupon  inquires  whether  any 
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one  has  yet  proved  that  these  mineral  characters  are  restricted 
to  rocks  of  a  certain  geological  period  I  answer,  that  in  oppo- 
sition to  these  facts,  it  has  not  yet  been  proved  that  they  belong 
to  any  later  geological  period  than  the  one  already  indicated ; 
and  that  it  is  only  by  bringing  together  observations,  as  I  have 
done,  that  we  can  ever  hope  to  determine  the  geological  value 
of  these  mineral  fossils,     in  no  other  way  did  William  Smith 

1)rove,  in  Great  Britain,  the  value  of  organic  fossils,  and  thus 
ay  the  foundations  of  paleontological  geology. 

Montreal,  April,  1872. 


Art.  XL — On   the   Meteors  of  April  SOth-May  Isi;   by  Pro- 
fessor Daniel  Kirkwood. 

Professor  Schiaparelli,  in  his  list  of  meteoric  showers 
whose  radiant  points  are  derived  fix)m  observations  made  in 
Italy  within  the  last  few  years,  describes  one  as  occnrrinff  on 
Apnl  80th  and  May  1st,  the  apparent  position  of  whose  raoiant 
is  in  the  Northern  Crown,  R.  A.  237°,  N.  P.  D.  56°.  The  same 
shower  has  also  been  recognized  by  Robert  P.  Greg,  F.RSw,  of 
Manchester,  England.  This  meteor-stream,  it  is  now  proposed 
to  show,  is  probably  derived  from  one  much  more  conspicuous 
in  ancient  times. 

In  Quetelet's  Physique  du  Globe,  pp.  290-297,  we  find  mete- 
oric displays  of  the  following  dates.  In  each  case  the  corres- 
ponding day  for  1870  is  also  given,*  in  order  to  exhibit  the 
close  agreement  of  the  epochs. 

1.  A  D.  401,  April  9th 
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corresponding  to  April  29th,  for  1870. 
6th;                 "  April  25th, 

17th;  "  May  1st, 

17th;  "  April  30th, 

18th;  "  May  Ist, 

16th;  "  April  28th, 

The  epochs  of  927  and  934:  suggest  as  probable  the  short 
period  of  7  years.  It  is  found  accordingly  that  the  entire 
mterval  of  608  years — from  401  to  1009 — is  equal  to  89 
mean  periods  of  6 '8315  years  each.  With  this  approximate 
value  the  six  dates  are  all  represented  as  follows : 

From  A.  D.  401  to  A  D.  538,  20  periods  of  6-86  years. 

538  to  839,  44        "  6*84 

839  to  927,  13        "  6*77 

927  to  934,     1        "  7-00 

934  to  1009,  11        "  6-82 

This  period  corresponds  approximately  to  those  of  several 
comets  whose  aphelion  distances  are  somewhat  greater  than  the 

*  MftkiDg  proper  allowanoe  for  the  precesaion  of  the  equinozea 
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mean  distance  of  Jupiter.  So  long  as  the  cluster  occupied  but 
a  small  arc  of  the  oroit,  the  displays  would  evidently  be  separ- 
ated by  considerable  intervals.  The  two  consecutive  showers  in 
the  tenth  century  indicate,  however,  an  extensive  diflFusion  of 
the  cluster  at  that  epoch ;  so  that  the  preceding  part  passed  the 
node  April  80th,  927,  and  the  following  part  May  1st,  934. 
The  comparative  paucity  of  meteors  in  modem  times  may  be 
particularly  explained  by  the  fis^ct  that  the  ring  has  been  sub- 
ject to  frequent  perturbations  by  Jupiter. 

It  is  not  impossible  that  this  meteor-stream  was  connected 
in  its  origin  with  the  comet  which  passed  its  perihelion  about 
the  29th  of  April,  B.  C.  136. 


Art.  XIL — On  the  Tertiary  Basin  of  the  Maraflon;  by  Ch.  Fred. 

Hartt,  A.M. 

On  the  12th  of  December,  1867,  Prof  James  Orton  of  Vas- 
sar  CJoUege,  on  his  journey  down  the  Maraflon,  or  Peruvian 
Amazonas,*  spent  a  few  hours  at  Pebas,  a  little  village  on  the 
Ambayacii  a  mile  from  the  left  bank  of  the  Marafion,  and  some 
50-60  miles  below  the  mouth  of  the  Napo.  Here  he  collected 
several  species  of  fossil  shells,  but  strangely  neglected  to  observe 
the  mode  of  their  occurrence.  In  announcing  his  discovery  in 
the  Geological  Magazine,f  he  says  that  *Hhe  snells  are  all  found 
in  the  colored  plastic  clays  which  stretch  unbroken  from  the 
foot  of  the  Andes  to  the  Atlantic."  In  the  American  Journal  of 
Conchology,:^  he  speaks  of  them  as  occurring  "  in  that  peculiar 
formation  of  fine  laminated  colored  clays  which  is  spread  over 
the  entire  valley  of  the  great  river,  and  which  Prof.  Agassiz  had 

*  As  this  river  is  called  by  some  writers  the  Amazon,  RioAmazoOf  Amazons  or 
Rio  Amazons,  I  have  preferred  to  use  the  Portuguese  form.  If  one  uses  either 
AmasoQ  or  Amazons  there  is  no  propriety  in  prefixing  the  Portuguese  word  Rio. 
The  name  of  the  river  is  Rio  das  Amazonas,  the  river  of  the  Amazons ;  but 
in  Brazil  it  is  ooomionly  spoken  of  as  o  Amaixonas  or  the  Amazons.  I  have  simply 
followed  the  rule  of  not  attempting  to  translate  South  American  names.  The 
name  Marafion,  about  which  there  has  long  been  so  much  discussion,  is  evidently 
the  same  a.s  the  Tupi  word  porona.  which  means  a  river  \  MaranhAo  or 
ICaranham  is  the  Portuguese  form  for  Marafion.  M  and  p  are  interchangeable 
consonants,  as  may  be  seen  in  a  great  number  of  words  in  modem  Lingua  geral,  as 
meramdu  or  porandu  to  question,  purofii  or  mura^  to  dance,  etc.  The  terminal 
vowel  ofparafid  is  often  more  or  less  nasal ;  hence  the  Brazilian  geographical  names 
Poroikfn,,  Juparanda,  That  Marafion  or  Maranh&o  (Marany&wg)  are  derived  from 
parang  (or  maranA  ?)  is  all  the  more  probable  as  this  is  the  name  given  by  the 
Indians  of  the  Amazonas,  and  not  only  by  those  who  speak  modem  north  Tupi  or 
Lingua  geral,  but  also  the  Omagua,  Coc4ma  and  other  languages.  Ask  an  Indian 
who  does  not  speak  Spanish  or  Portuguese  the  name  of  the  Amazonas,  and  he  an- 
swers Parand.  But  to  ears  unaccustomed  to  the  language  it  may  sound  like  Marafion. 

f  Henry  Woodward.  The  Tertiary  shells  of  the  Amazons  Valley,  from  Ann.  and 
Mag.  Nat  Hist  for  Jan.  and  Feb.,  1871,  p.  6. 

X  Ckmrad,  Desa  of  new  fossil  shells  of  the  Rio  Amazon,  published  in  advance, 
Oct  10,  1870. 
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pronounced  drift;"  while  in  his  "Andes  and  Amaaon  "  he 
simply  says  that  the  fossils  occurred  in  a  fossiliferous  bed  inter- 
calated l>etween  the  variegated  clays  so  peculiar  to  the  Amazon,"* 
and  that  "  interstratified  with  the  clay  deposits  are  seams  of  a 
highly  bituminous  lignite,  f*  Prof  Orton  therefore  leaves  it  to 
be  inferred  that  the  Febas  beds  are  traceable  down  the  whole 
length  of  the  Amazonas.  Mr.  Henry  Woodward,  in  the  papw 
just  quoted  in  a  foot  note,  says  that  the  Pebas  clfmi  are  "  evi- 
dently Bed  II.  of  Prof  Aga^iz  s  section.:!:"  Prot  Orton  sub- 
initttxi  his  fossils  to  Mr.  Gabb,  who  described  and  figured  them§ 
under  the  names  of  Xeritina  pttpa,  Turbonilla  minuscida,  Mesaiia 
Ortoniy  TeHina  Amazoniensis^  Pachydon  Miqua  and  P,  tenwL 
In  Mr.  Gabb  s  opinion  these  remains  indicated  a  fauna  of  Ter- 
tiary age.  On  the  strength  of  this  opinion  Prof  Orton  ven- 
tured to  attack  Prof.  Agassiz*s  theory  of  the  glacial  origin  of 
the  valley  of  the  Amazonas,  laying  stress  on  the  fact  that  the 
shells  «.Hx*ur  well  preser\"ed.  in  place,  and  *'  showing  '*  no  indi- 
cation of  a  *' grinding  glacier." 

I'nder  the  instructions  of  Prof  Orton.  Mr.  Hauxwell,  an 
intollt^nt  naturalist,  resident  some  SO  vears  on  the  Amazonas, 
mavie  larger  and  more  ct^mplete  colleoiions  of  these  shells  and 
found  the  fossilifen>us  bevls  elsewhere  on  the  Mara£LoR,  especially 
at  Cwhaquinas  on  the  s^^uthem  side  of  the  river.  These  col- 
levrtioas  wen?  placed  in  the  hands  of  Mr.  Conrad,  who  described 
them.  di<iinguishing  ten  species  of  gasteropods  and  six  of  lamel- 
libr:inoh5.  referrinsf  all  ihe  latter  to  the  genus  Piichydon  {Aniso- 
'Jtu  ^is  c\'!xrad\  Jiore  recently  Mr.  Hauxwell  sent  lar^  collec- 
t:oti5  :o  En^lazii  Thosse  in  the  p*.>?s!ession  of  Mr.  Janson  of 
Loa'.loci  were  examiiLed  by  Mr.  Henry  W.xxlward  of  the  Brit- 
tsTL  Mviseusi.  and  t'orm  :he  subjec:  of  :he  paper  already  twice 
rererrevi  x\  Mr.  Wvx>iwaLr\i  luakes  several  changes  of  "nomen- 
olas-ore.  azd  describes  :wo  :iew  syec:e&  The  list  of  the  Pebas 
xt»il:$  2.0W  $Mir:«i5  i*  inlow* : 

■.?  4dnaC(^;L\i.  jMrnt-^utruF  5'*-aL2sca  \ ±«ah winter !) 


■    i-:^  -m-»»  A.'i--.'t«    -AL-j.-*:!!    rr-w:    ia«i    br»ckiiih 

I.  \Mr^ua  :  D.-*:.  -    ■"^;»'     •*-*^     ^-^       *^'«    ^«- 

5.  -IBM-it^-*  ;on.--  "''    "■*  "••'^•*     ■^'•- 


iri 


•:i  frit   ,.a  •  V  x^-v-iri  brackiafc  vuterV 
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Lamblubranohtata. 
Anodon  Guvier  (fresh  water). 
Anadan  Bateaii  Woodward. 

Gonrad  {=Paehy<hn  Gabb) 
(braddflh  water). 

A.  tenuis  {^^Paihydon  iemuis  Gabb, 

P.     tenuis    Conrad,    Anisolhyris 

HamacwM  Woodward);*  of  this 

Mr.   Woodward    diatin- 


guiahes  two  yarieties  :  a,  disiorta, 

^,  crasscb. 
A.  ovata  Conrad. 
A.  carinata  Conrad. 
A.  oMfi/tfa  Conrad. 
A.  ereda  Conrad. 
A.  ewieata  Conrad. 
llslUna. 

T.  Amazaniensis  Gkibb. 

In  the  summer  of  1871  I  met  Mr.  J.  B.  Steere,  a  graduate  of 
Michigan  University,  who  was  traveling  on  the  Amazonas, 
making  natural  history  collections.  We  spent  more  than  a 
month  together,  and  I  took  him  over  my  old  ground  at  Erer^ 
and  Monte  Alegra  As  he  was  about  to  visit  the  upper  Ama- 
zonas, I  gave  him  instructions  to  examine  the  Pebas  locality, 
make  a  geological  section,  showing  the  character  and  arrange- 
ment of  the  beds,  and  collect  carefully  the  fossils.  Under  date 
of  Jan.  26th  of  this  year,  he  has  written  me  an  account  of 
his  visit  to  the  locality  in  question,  and  has  sent  some  interest- 
ing notes  which  give  us  for  the  first  time  a  clear  idea  of  its 
geological  structure,  and  of  the  conditions  under  which  the  fossils 
are  found. 

Mr.  Steere  says  that  a  short  distance  below  Tabatinga,t 
which,  it  will  we  remembered,  is  just  on  the  boundary  line 
separating  Brazil  from  Peru,  he  saw  "  horizontal  beds  of  blue 
clay,  witn  veins  of  clayev  coal  dividing  them.  These  veins 
of  coal  seem  to  vary  much  in  thickness  and  appearance  in  a 
distance  of  a  few  hundred  yards."  This  series  of  deposits  he 
claims  to  be  the  same  as  that  affording  fossils  at  Pebas.  My 
good  friend  Dr.  Pimentel,  Major  in  the  Brazilian  army  and  one 
of  the  engineers  on  a  late  Brazilio-Peruvian  Boundary  Com- 
mission, stationed  at  Tabatinga,  had  previously  found,  just 
above  this  town,  a  heavy  bed  of  lignite,  specimens  of  which  he 
sent  me. 

Mr.  Steere  first  saw  signs  of  fossils  in  clay  beds  just  above 
Loreto,  a  little  place  on  the  left  bank  of  the  Marafion  some  30 
miles  above  Taoatinga ;  but  owing  to  the  shortness  of  the  stop 
of  the  steamer,  he  was  unable  to  examine  the  locality  with  care. 
He  describes  the  country  below  Pebas  as  low  and  less  than  a 
hundred  feet  above  river  level,  i.  e.,  during  the  dry  season.  The 
fossiliferous  clay  beds  lie  near  the  level  of  the  river,  but  they 
are  covered  by  20-30  feet  of  red  clay  which  he  compares  to  the 
superficial  clays  so  common  on  the  lower  Amazonas.  Pebas,  as 
already  statea,  is  situated  on  the  left  bank  of  the  Rio  Am- 

*  I  sympathize  with  the  wish  to  show  honor  to  so  deserving  a  gentleman  as 
Mr.  HaorweU,  but  the  change  of  the  specific  name  from  tenuis^  however  inappro- 
priate the  term  may  be,  to  Ha/uasweHU^  is  unwise  and  inadmissible. 

f  Tabatinga  is  the  nsme  given  to  the  white  feldspathic  clay  common  aU  over 
Brazil    Taud^  ^P^t  '^'^  Portuguese  form,  is  a  yeUowish  clay ;  iinga  means  white. 


66  C.  F.  HarU— Tertiary  Basin  of  the  IfarafUm. 

bayacii^  a  mile  above  its  confluence  with  the  Marallon.  Two 
miles  below  the  mouth  of  the  Ambajacu  is  Old  Peba&  Both 
sites  are  on  the  high  tierra  Jirmc*  The  right  bank  of  the 
Amazonas  opposite  the  Ambajacu  is  recent  and  low,  but  fitr- 
ther  down  tne  tierra  Jirme  appears,  and  Pichana  is  situated 
upon  it 

The  bank  on  which  Pebas  stands,  Mr.  Steere  says,  is  about 
100  feet  high,  that  is  during  the  dry  season.  In  fix>nt  of  the 
village  the  lower  strata  are  hidden  from  view  bv  a  slope  of  rub- 
bish,but  the  upper  are  quite  well  exposed  The  following  sectiiNi 
was  made  by  Mr.  Steere  in  a  ravine  near  the  road  leading  up 
the  bank.     The  order  is  ascending. 

L  The  lowest  bed  seen  is  a  blue  clay  of  which  a  thickness 

of  fifteen  feet  is  uncovered.     In  the  middle  is  a  band  three 

.  feet  in  thickness  containing  shells. 

/       n.  A  well  defined  seam  of  lignite,  six  inches  in  thickness. 

'    For  a  few  inches  above  and  below  this,  the  clay  is  filled  with 

vegetable  remains. 

ILL  A  bed  of  blue  clay,  thirteen  feet  in  thickness,  with  an 
occasional  shell  too  badly  preserved  to  be  removed. 

IV.  Blue  clay,  five  feet  thick,  and  full  of  fossila 

V.  A  bed,  ten  feet  in  thickness,  of  red  and  white  clay,  and 
sand,  without  fossils.     This  forms  the  surface  deposit 

Not  £Eur  from  the  ravine  where  the  first  section  was  made,  Mr. 
Steere  made  another  as  follows : 

I.       2  or  8  ft  of  clay  full  of  fossils. 

IL     10  ft.  blue  clay. 

IIL  3  ft.  blue  clay  filled  with  fossils. 
>^  IV.   5  ft.  dirty  coaL 

V.     6  or  6  ft.  of  red  and  white  clay. 

In  a  ravine  in  the  forest  near  the  village,  he  made  still  another 
section,  "  finding  in  descending  order"  (I  quote  his  own  words) 
"five  or  six  feet  of  red  and  white  clay ;  a  vein  of  dirty  coal 
(two  feet)  ;  blue  clay  without  fossils,  ten  feet ;  another  narrow 
vein  of  coal ;  eight  or  ten  feet  of  blue  clay  without  fossils ; 
more  coal ;  beds  of  clay  without  fossils ;  more  coal  veins,  "f 

Mr.  Steere  visited  Pichana,  where  he  found  much  the  same 
structure  as  at  Pebas.  At  Old  Pebas  the  same  beds  are  seen 
containing  beds  of  lignite,  but  they  appear  to  be  more  denuded 
than  at  New  Pebas. 

,     At  Iquitos  Mr.  Steere  found  similar  beds  that  appeared  to  be 
flie  continuation  of  those  of  Pebas,  but  afforded  no  fossils. 

*  liMid  not  laid  under  water  during  the  annual  flood. 

t  Lieut  Hemdon  visited  Pebas  in  1851.  He  speaks  of  the  ravines  bade  of  the 
town  in  which  a  black  slate  rode  crops  out,  and  says  that  he  brought  from  the 
old  town  to  the  new  '*  specimens  of  black  day  slate^  that  crops  out  in  narrow 
▼etns  on  the  bank,  and  made  a  fire  with  it,  which  burned  all  night,  with  a  strong 
litiiminous  amelL" — Exploration  of  Valley  of  the  Amazonas,  Pt  I,  pp.  219-220. 
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Mr.  Steere  has  made  very  extensive  collections  of  the  fossils 
of  the  Pebas  locality  and  vicinity,  and  they  will  probably 
a£ford  some  new  species.  When  these  cbllections  with  their 
aocompanying  lithological  specimens  shall  have  been  studied, 
we  shall  have  more  details  relative  to  the  character  of  the  beds 
and  probably  some  fects  bearing  on  the  vertical  distribution  of 
the  speciea  Mr.  Steere  simply  says  that  the  bivalves  are  more 
numerous  in  the  lower  and  the  univalves  in  the  upper  beds. 

In  examining  the  above  sections,  we  find  the  surface  bed 
always  composed  of  variegated  clays,  with  more  or  less  sand, 
whicD,  according  to  Mr.  Steere  were  deposited  on  the  much 
denuded  sur&ce  of  the  lower  fossiliferous  beds,  the  last  being 
clearly  Tertiary.  We  have  then  at  Pebas  two  well  marked  for- 
mations to  deal  with.  It  seems  to  me  a  little  doubtful  whether 
Prof.  Agassiz  could  have  seen  the  blue  clays  in  the  neighbor-  . 
hood  of  Tabatinga,  for  he  makes  no  mention  of  the  lignites  ' 
which  occur  in  them,  and  it  also  seems  to  me  doubtful  whether 
the  greyish  laminated  clays  with  leaves,  at  Tonantins,  which 
correspond  with  the  iron  stone  with  similar  leaves,  found  by  me 
on  the  Tapajos,  can  belong  to  the  same  formation.  It  is  there- 
fore by  no  means  clear  that  Prof  Agassiz  included  any  part 
of  the  Pebas  series  in  his  theoretical  section  of  the  Amazonian 
valley.  I  see  no  reason  for  referring  the  Pebas  Tertiary  to  ^ 
Bed  IL  of  Prof.  Agassiz's  section.  In  sooth,  that  section  is 
simply  theoretical  and  cannot  stand.  There  is  no  resemblance 
whatever  between  the  blue  Tertiary  clays  of  Pebas  and  the 
mottled  or  variegated  clays  of  the  vicinity  of  Para.  The  sur- 
fiice  clays  of  Pebas,  however,  appear  to  resemble  them ;  but 
resemblance  in  lithological  structure,  color,  eta,  is  not  identity, 
for  one  may  find  "  vane^ted  clays  "  on  the  Amazonas  contain- 
ing Devonian  or  Carboniferous  fossils. 

The  Pebas  fossils  do  not  therefore  occur  in  the  superficial 
variegated  clays,  but  in  an  older  and  distinct  underlying  forma- 
tion quite  unlike  the  ordinary  more  recent  variegated  clays  of 
the  Ainazonas.  The  fossils,  therefore,  aid  us  only  in  determin- 
ing the  age  of  the  lower  series,  leaving  the  question  of  the  age  of 
the  superfcial  clays  undecided.  They  certainly  afford  no  proof 
that  these  latter  clays  are  not  of  glacial  origin.  As  to  the  con- 
dition under  which  these  superficial  clays  were  deposited,  we 
simply  have  so  far  no  evidence  whatever,  although  the  proba- 
bihties  are  that  they  are  of  quite  modem  origin ;  but  whether 
fluviatile  or  estuarine,  is  a  question  which  cannot  be  settled  till 
we  know  more  about  their  distribution.  I  dare  not  compare 
them  with  the  superficial  clays  of  the  Lower  Amazonas,  for  my 
experience  with  these  deposits  has  satisfied  me,  that,  how  simi- 
lar soever  these  beds  may  be  in  different  localities,  they  may 
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vary  in  age  and  greatly  in  the  conditions  under  which  they  were 
deposited. 

The  Pebas  shells  do  not  shed  one  ray  of  light  on  the  great 
question  of  the  glaciation  of  the  Amazonian  valley.  I  have, 
however,  shown  that  the  supposed  facts  on  which  Prof.  Agassiz 
founded  his  theory,  viz :  the  assumed  identitv  of  structure  of 
the  Serras  of  Erer^  and  Paru  (Almeyrim) ;  the  occurrence  of 
erratics  of  diorite  at  Erer6,  etc.,  were  no  facts  at  all.  Erer^  is 
a  monoclinal  ridge  of  sandstone  which  no  geologist  would  ever 
think  of  calling  drift,  and  the  supposed  drift  clays  at  its  base 
contain  lower  Devonian  trilobites  and  are  traversed  by  trap 
dykes ;  the  supposed  erratics  of  diorite  are  boulders  ofddcamffh 
sitton ;  the  Serras  of  Parti*  are  composed  of  horizontal  beds  of 
soft  rocks  undoubtedly  more  modem  than  the  Serra  of  Erer^ 
and  offering  not  the  first  evidence  of  glacial  origin ;  the  gigan- 
tic moraine  which  Prof.  Agassiz  thought  to  have  extended 
across  the  mouth  of  the  Amazonas  does  not  exist  Moreov^ 
I  have  failed  in  finding,  during  many  months  of  careful  search, 
anything  like  drift  in  the  province  of  Para ;  and  therefore,  hav- 
ing no  evidence  whatever  of  the  former  existence  of  glaciers  in 
the  Amazonas,  the  question  of  the  glacial  origin  of  the  valley 
need  not  be  raised. 

While  I  do  not  believe  in  the  glaciation  of  the  Amazonas,  I 
still  adhere  to  the  belief  that  glaciers  have  existed  in  the  cen- 
tral and  southern  portions  of  the  Brazilian  plateau.  Prof.  O.  E 
St.  John,  who,  as  one  of  the  geologists  of  the  Thayer  expedi- 
tion, made  a  journey  through  the  interior  of  Brazil  from  Rio  de 
Janeiro  to  MaranhSo,  assures  me  that  he  has  found  not  only  the 
superficial  deposits,  but  also  the  topography  characteristic  of  a 
glaciated  country  in  Minas  Geraes,  while  these  phenomena  are 
not  visible  in  Piauhy  and  Maranhao. 

Though  the  Pebas  shells  throw  no  light  on  the  question  of 
the  glaciation  of  the  Amazonian  valley,  they  aid  in  establishing 
the  feet  that  the  Upper  Amazonas  or  Marafion,  from  Iquitos  to 
Tabatinga,  a  distance  of  some  240-250  miles,  flows  through  a 
Tertiary  basin,  the  channel  of  the  river  being  deeply  cut  through 
beds  01  this  age.  The  width  of  this  basin  is  undetermined,  as 
is  also  the  exact  age  of  the  beds,  for  the  nature  of  the  feuna  is 
Buch  that  it  is  impossible  to  say  to  which  division  of  the  Ter- 
tiary they  are  to  be  referred.  The  fauna  indicates  an 
estuary  formation.  That  at  the  time  of  the  deposition  of  Pehas 
beds  tnere  was  water  communication  between  the  basins  of  the 
Amazonas  and  the  Orinoco  is  scarcely  probable. 

*  I  yiaited  the  Sorra  of  Paraudqudra  in  1871. 
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h%  the  light  emitted  by  the  vapor  of  iodine, — Salet  has 
thsLt  the  vapor  of  iodine  may  be  heated  to  redness  like  a 
r  liquid.  It  then  emits  the  less  refrangible  luminous  rays 
famish  a  continuous  spectrum.  The  experiment  is  easily 
>y  heating  the  iodine  in  a  tube  of  Bohemian  glass.     A  small 

of  iodine  is  placed  in  a  tube  of  thick  glass,  which  is  then 

strongly  at  some  distance  from  the  crystal  When  the 
I  red  for  a  considerable  part  of  its  length,  it  is  to  be  allowed 

until  it  is  no  longer  yisible  in  the  dark ;  the  iodine  is  then 
midly  yolatilized.  The  colored  yapor  reaching  the  heated 
'  wie  tube  then  glows  with  a  distinct  red  light.  This  experi- 
howB  that  the  iodine  becomes  luminous  at  a  lower  tempera- 
tan  glass.     Another  method  of  exhibiting  the  incandescence 

vapor  of  iodine  is  the  following :  A  spiral  of  fine  platinum 
I  sealed  in  the  incerior  of  a  tube  of  glass  eight  millimeters  in 
ter.  Pure  iodine  is  then  introduced  into  the  tube,  which 
expulsion  of  the  air  is  sealed.  If  the  iodine  be  then  yolatil- 
nd  the  wire  ignited  by  a  battery,  the  spiral  appears  sur- 
ed  by  a  flame  of  a  very  rich  red  color,  which  yields  the 
nown  interrupted  spectrum. —  Comptes  Hendus,  Tome  Ixxiv, 
9.  w.  G. 

On  the  absorption  spectra  of  the  vapors  of  selenium  and  of 
n  other  bodies, — Gebnez  has  found  that  the  vapors  of 
[un  and  a  number  of  other  colored  vapors  give  distinctly 
id  absorption  bands.  When  selenium  is  heated  in  a  porce- 
ibe  closed  at  its  extremities  by  plates  of  glass,  we  observe  a 
essive  absorption  of  all  the  rays  of  the  spectrum,  beginning 
the  most  refrangible  and  proceeding  toward  the  red,  but 
at  any  traces  of  dark  bands.  But  if  we  continue  to  raise  the 
arature,  the  tint  of  the  vapor  becomes  more  clear  and  the  differ- 
gions  of  the  spectrum  reappear,  crossed  in  the  blue  and  the 

Dy  bundles  of  dark  bands.  The  result  cannot  be  ascribed  to 
rmation  of  selenious  acid,  since  the  same  phenomena  are  ob- 
1  when  the  selenium  is  heated  in  an  atmosphere  of  dry  car- 
acid.  Selenious  chloride,  which  is  a  brown  limpid  liquid, 
a  vapor  the  spectrum  of  which  is  crossed  by  rays  beginning 
I  limit  of  the  green  and  the  blue,  and  extending  to  the  ex- 
iy  of  the  violet.  Bromide  of  selenium  produces  systems  of 
t  equidistant  rays,  but  in  a  different  part  of  the  spectrum  not 
led  by  the  author.     Tellurium  when  volatilized  in  an  atmos- 

of  dry  carbonic  acid  gas  emits  at  a  very  high  temperature  a 
a  yellow  vapor,  which  yields  a  very  brilliant  absorption 
•um  much  more  extended  toward  the  red  than  the  spectra  of 
ar  and  selenium,  and  composed  of  systems  of  fine  rays  extend- 
am  the  yellow  into  the  violet.  Tellurous  chloride  gives  yellow 
•s,  which  act  very  strongly  on  light.  The  absorption  spectrum 
ticularly  developed  in  the  orange  and  the  green.     Tellurous 
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bromide  gives  a  violet  vapor,  the  most  remarkable  absorption 
bands  of  which  are  in  the  red  and  the  yellow.  Proto-bromide  of 
iodine  gives  off  at  ordinarv  temperatures  vapors  which  in  thin 
layers  have  a  copper-red  color.  The  absorption  spectrum  of  this 
substance  presents  very  fine  rays  in  the  red,  yellow  and  orange ; 
and  differs  from  the  spectrum  obtained  by  passing  li^ht  through 
successive  layers  of  iodine  and  bromine  vapora  Alizarin  when 
carefully  heated  fives  vapors  wliich  exhibit  systems  of  sensibly 
equidistant  rays  m  about  the  middle  of  the  spectrum. — CompUi 
HenduSy  Tome  Ixxiv,  p.  1190.  w.  o. 

3.  On  the  absorption  spectra  of  the  vapors  of  sulphur ^  seleniaus 
acid  and  hypochlorous  acid. — The  same  writer  has  observed  the 
existence  of  dark  lines  in  the  spectra  of  many  other  colored  vapors. 
The  source  of  li^ht  employed  was  the  Drummond  light  so-ciuled. 
Sulphur  heated  m  a  porcelain  tube  closed  at  the  extremities  with 
plates  of  glass  gave  at  first  vapors  which  absorbed  the  most  re- 
frangible rays  of  the  spectrum,  leaving  finally  a  red  band  extend- 
ing a  little  beyond  Cf.  On  raising  the  temperature  higher  this 
band  spreads  out ;  the  other  rays  of  the  spectrum  then  reappear, 
the  violet  and  blue  being  crossed  by  bundles  of  dark  rays.  Tlie 
phenomenon  is  therefore  the  same  as  that  observed  in  the  case  of 
selenium.  Selenious  acid  at  the  instant  of  vaporization  gives  well- 
marked  dark  lines,  especially  in  the  violet  and  blue.  1%e  author 
found  the  absorption  spectrum  of  hypochlorous  acid  identical  with 
that  of  hypochloric  and  chlorous  acids,  only  in  the  case  of  hypo- 
chlorous  acid  the  layer  of  gas  must  be  much  longer  in  order  that 
the  phenomenon  may  be  distinctly  visible.  Aqueous  solutions  of 
all  these  gases  give  the  most  salient  lines  of  the  gases  themselves. 
—  Comptes  Bendus,  Tome  Ixxiv,  p.  803.  w.  g. 

4.  On  fluoride  of  silver, — In  continuing  his  researches  on  the 
compounds  of  fluorine,  Mr.  G.  Gore  has  arrived  at  the  following 
results :  Iodine  acting  upon  argentic  fluoride  with  the  aid  of  heat 
produces  argentic  iodide  and  fluoride  of  iodine.  Fluoride  of  iodine 
18  a  volatile,  colorless  liquid,  which  does  not  corrode  mercury  or 
red-hot  platinum,  but  which  corrodes  ^lass  at  60°  F.,  and  crystals 
of  silicon  at  a  red  heat,  as  well  as  platinum  in  contact  with  argen- 
tic fluoride  in  a  state  of  fusion.  It  fumes  strongly  in  the  air,  and 
is  decomposed  by  water  into  fluohydric  and  iodic  acids, 

IF^+3H2e=5lIF+Hie3. 

By  heating  argentic  fluoride  to  redness  in  a  current  of  dried,  cool 
gas,  it  was  wholly  reduced  to  metallic  silver.  Fluohydric  acid 
and  carbonic  tetro-fluoride  being  evolved,  vitrified  boric  acid  vio- 
lently decomposed  the  fluoride  when  fused,  emitting  copious  white 
acid  fumes,  but  did  not  act  on  an  aqueous  solution  of  the  salt  at 
60°  F.  Crystals  of  silicon  placed  upon  argentic  fluoride  when 
fused  became  at  once  red  hot,  undergoing  rapid  combustion,  and 
evolving  fluoride  of  silicon.  A  lump  of  fused  silicon  also  slowly 
decomposed  an  aqueous  solution  of  argentic  fluoride,  setting  free 
metallic  silver  in  crystals.  Crystals  of  silicon  behaved  in  the  same 
manner,  but  much  more  rapidly,  and  evolved  abundance  of  gas  if 
the  solution  contained  free  fluohydric  acid ;  on  adding  nitric  acid 
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to  this  mixture,  babbles  of  spontaneonsly  inflammable  silicide  of 
hydrogen  were  erolved  and  ignited.  Pure  and  dry  silicon  added 
to  argentic  flnoride  at  a  temperatm*c  of  low  redness  evolved  much 
heat  with  violent  action,  and  set  free  metallic  silver.  The  fluoride 
when  fused  is  rapidly  decomposed  by  sulphur  with  evolution  of 
heat,  fluoride  of  sulphur  and  argentic  sulphide  beine  formed. 
Fluoride  of  sulphur  is  a  heavy,  colorless  vapor,  not  condensing  at 
0**C.  and  760°™.  It  corrodes  glass,  fumes  strongly  in  the  air,  and 
has  a  very  powerful  dusty  odor.  Sulphur  rapidly  decomposed  an 
aqneoofl  solution  of  argentic  fluoride.  When  the  vapor  of  carbonic 
d&ol^hide  is  passed  over  argentic  fluoride  at  a  red  heat,  argentic 
sulpliide  and  carbonic  tetra-fluoride  are  formed,  the  reaction  being 
represented  by  the  equation : 

4AgF+CS2=2Ag2S+€F^. 
The  tetra-fluoride  is  a  fuming  acid  vapor. — L,  and  E,  Phil.  Mag,^ 
May^  1872.  w.  o. 

5.  On  a  method  of  fixing  the  Constitution  of  Acids  and  Alco- 
hoU  by  the  oxidation  of  their  ketones, — ^In  his  researches  upon 
the  oxidation  of  ketones,  Popofp  observed  a  uniformity  of  results 
which  led  him  to  suggest  this  oxidation  as  a  means  of  determin- 
mg  the  rational  constitution  of  acids  and  alcohols.  Taking  the 
four  varieties  of  ketone  expressed  by  the  following  general  forra- 
nias: — 

(1)  CH3  —  (CH,)„  —  CO  —  R 

(2)  =r  CH    —  (CH,)n  —  CO  —  R 

(3)  =   CH      —  CO  — R 

(4)  =   C         —  CO  — R 

— ^in  which  R  represents  one  of  the  alcohol-radicals  united  directly 
to  the  carbonyl,  generally  methyl,  phenyl,  or  ethyl — Popoff*  finds 
that  by  oxidation,  the  carbonyl  remains  combined  with  the  radi- 
cal R,  while  the  other  alcohol  radical  is  oxidized.  If  this  other 
radical  be  that  of  a  normal  alcohol — as  is  the  case  in  the  first  of 
the  above  formulas — then  a  normal  acid  results ;  if  it  be  an  iso- 
alcohol  radical, — as  in  the  second  formula — an  iso-acid  results ;  a 
secondary-alcohol  radical, — as  in  the  third  formula — gives  an  ace- 
tone; wnile  a  tertiary-alcohol  radical — as  in  the  last  formula — 
spUts  up  by  oxidation.  Now,  since  the  ketones  can  be  prepared 
ftom  the  fatty  acids, — either  by  distillation  of  a  suitable  mixture 
of  their  salts  or  treating  the  acid  chloride  with  the  zinc-compound 
of  the  desired  alcohol-radical — and  since  these  ketones  when  sub- 
mitted to  oxidation,  yield  their  carbonyl  combined  with  the  alco- 
hol-radical R,  while  the  other  alcohol-radical — which  is  furnished 
by  the  acid — is  oxidized  after  the  manner  just  given,  it  is  clear 
that  this  method  may  be  used  to  determine  the  constitution  of  the 
alcohol-radical  which  is  contained  in  any  acid.  Moreover,  since 
the  fatty  acids  may  be  obtained  by  oxidizing  the  corresponding 
alcohols,  the  constitution  of  these  latter  may  also  be  determined 
by  this  method. 

To  test  the  method,  amyl  alcohol^-of  boiling  point  130°  to  131  '6°, 
and  whose  power  of  rotation  in  a  tube  25  cm.  long  was  --2 '4°, — 
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was  oxidized,  and  the  valeric  acid  produced — which  boiled  from 
174**  to  176°,  and  in  which  a:=+4*4  , — ^was  converted  into  the  cal- 
cium salt,  and  distilled  with  an  equivalent  quantity  of  calcium 
benzoaie.  On  rectifying  the  product,  it  boiled  at  226  to  226%  and 
afforded  on  analysis  numbers  agreeing  with  those  required  by 
butylphenyl  ketone.  To  fix  the  constitution  of  the  butyl  it  con- 
tainea,  the  ketone  was  oxidized.  The  products  consisted  of  ben- 
zoic acid  and  iso-butyric  acid,  with  traces  of  acetic  acid ;  thus 
proving  that  this  ketone,  and  also,  therefore,  the  valeric  acid  and 
the  amyl  alcohol  from  which  it  was  derived,  contain  iso-butyl 
and  not  butyl     Their  constitutions  respectively  are — 

^{5^>CH— CHa— COOH  and  ^J}»>CH— CH^— CHaOH, 

a  result  already  confirmed  in  other  ways  by  Erlenmeyer,  Frank- 
land  and  Duppa,  and  Butlerow. — Ber,  BerL  chem,  &«».,  v,  38, 
Feb.,  1872.  o.  f.  b. 

6.  On  Phenol  colors  and  their  Relation  to  Natural  Coloring 
Matters, — Baeteb  has  continued  his  researches  on  ^allein  and 
fluorescein,*  and  other  coloring  matters  derived  from  the  phenols. 
He  finds  that  the  phthalic  acid  does  not  act  solely  by  abstracting 
water,  as  he  at  first  supposed ;  but  that  it  enters  itself  into  the 
composition  of  the  new  molecule.  He  finds,  moreover,  that  gener- 
ally, whenever  the  phenols  are  heated  with  polybasic  organic 
acids,  either  alone  or  in  presence  of  glycerin  or  sulphuric  acid, 
water  is  abstracted,  and  a  series  of  compounds,  not  ethers,  is 
formed.  Some  of  these  are  indifferent  bodies,  while  others  are  solu- 
ble in  potassium  hydrate  with  an  intense  color,  and  on  reduction 
become  colorless.  These  latter,  many  of  them,  give,  when  heated 
with  sulphuric  acid,  new  colored  compounds,  which  differ  from 
them  in  the  fact  that,  when  reduced,  the  products  are  also  colored. 
Baeyer  proposes  to  terminate  the  name  of  the  former  class  of 
bodies,  which  are  soluble  in  potassium  hydrate  with  color,  with 
the  syllable  -ein,  while  to  the  colorless  bodies  obtained  from  these 
by  reduction  he  gives  names  terminating  in  -in.  The  indifferent 
bodies  he  calls  anhydrides  of  the  former.  Of  the  almost  unlimited 
number  of  bodies  thus  possible,  the  author  describes : — 

(1.)  Phenol  colors.  When  10  parts  of  phenol,  6  parts  phthalic 
oxide,  and  4  parts  concentrated  sulphuric  acid  are  heated  to  12l)° 
to  130®  for  several  hours,  a  red  mass  is  obtained,  yielding  ay el- 
lowish-white  powder  on  treatment  with  boiling  benzol.  When 
dissolved  in  potassium  hydrate,  and  precipitated  with  hydrochloric 
acid,  a  granular  precipitate  is  obtained,  having  the  composition 
Cg  qH  J  ^O^.  It  is  the  phthalein  of  phenol  has  probably  the  ration- 
al constitution  CgH4(C0.  C^H^OH),,  and  is  isomeric  with  the 
phthalic  ether  of  phenol.  Wiien  heated,  in  solution  in  potassium 
hydrate,  with  zinc-dust,  the  magnificently  fuchsine-colored  solu- 
tion is  decolorized,  and  hydrochloric  acid  precipitates  therefrom 
the  white  granular  phthafin  of  phenol,  CjoH,  gO^.  Mellitic  and 
pyromellitic  acids  act  similarly  upon  phenol ;  but  the  most  inter- 

*  This  Journal,  III,  ii,  203. 
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etting  action  is  that  of  oxalic  acid,  which  has  long  been  known, 
ind  Uie  product  of  which  is  rosolic  acid.  The  aurin,  lately  isola- 
ted from  rosolic  acid  by  Dale  and  Schorlemmer,  Baeyer  supposes 
to  be  CgftHjoOg  and  to  result  from  the  oxidation  of  leucoaurin 
CjjHj^jO^,  which  is  thus  produced: 

CO,-|-(C,H,0),=C,,H,.0,+(H,0),. 

(2.)  a  Naphthol  colors,    a  Naphthol,  heated  with  phthalic  oxide, 
yields  light  yellow  crystals  of  the  anhydride  of  the  phthalein  of 


(3.)  Resorcin  colors.  Resorcin  heated  with  phthalic  oxide, 
gives  the  phthalein  of  resorcin,  or  fluorescein,  which,  precipitated 
from  its  potash  solution  by  hydrochloric  acid,  is  Cj^Hj  ,0^,  but 
recrystallised  from  alcohol  isC^qH^^^^,  Reduced  by  zmc-dust, 
the  oorrespondin^  pbthalin  is  obtamed.  Heated  with  sulphuric 
acid,  a  red  body  is  formed,  which  is  turned  blue  by  alkalies,  and 
which  yields  a  second  red  body  on  reduction.  It  closely  resem- 
bles the  coloring  matter  of  Utmus.  Succinic  oxide  gives  with 
reBorcin,  the  succinein  of  resorcin ;  and  oxalic  acid,  the  carbonein, 
or  enxanthon,  C|  jH^O^. 

(4.)  Pyrogallol  colors.  Pyrogallol  Qpyrogallic  acid)  by  the 
aotion  of  pht^ialic  oxide,  ^ves  gallein,  CjoHi^O^,  the  phthalein 
of  pyro^auoL  Reduced,  it  gives  gallin  C^.H}  ,0..  Heated  with 
solphunc  acid,  it  forms  coBrulein,  C^qH^^Oj^  and  this  on  reduc- 
tion ffives  CQBrulin.  Oxalic  acid  and  succinic  oxide,  as  well  as  oil 
of  bitter-almonds,  acetone,  etc.,  also  afford  colored  compounds 
when  heated  with  pyrogallol 

Bydroquinone  gives  with  phthalic  oxide  a  red  phthakin,  solu- 
ble in  potash  with  a  violet  color,  and  dyeing,  like  braal-wood, 
witih  iron  «id  alumina  mordants.  Pyrocatechin,  thus  treated, 
gives  a  phthalein,  soluble  in  potash  with  a  transient  blue  color, 
analogous  apparently  to  the  coloring  matter  of  lo^ood.  Phloro- 
glacin  gives  with  phthalic  oxide,  a  yellow  phthalein.  These  new 
coloring  matters  contain  (a)  the  phenol  residue,  and  (b)  the  con- 
necting or  linking  residue,  which  latter  is  supplied  by  the  acid. 
Since  the  acid  employed  has  but  slight  influence  on  the  color,  the 
former  must  be  the  color-forming  constituent.  Baeyer  is  of  the 
opinion  that  many  natural  colors,  especially  those  of  the  dye- 
woods,  have  this  constitution ;  and  hence  that  their  synthesis  may 
be  looked  for,  when  the  nature  of  the  linking  body  can  be  made 
out.  This  is  a  somewhat  difficult  matter,  as  in  these  colors  the 
linking  compound  belongs  to  the  sugar  group  or  to  the  family  of 
vegetable  acids.  Thus  hsematein — the  coloring  matter  of  log- 
wood— which  yields  pyrogallol  on  fusion  with  potash,  is  a  deriva- 
tive either  of  that,  of  bydroquinone  or  of  pyrocatechin.  If  its 
formula  be  Ci-HiyO^,  the  4-carbon  link  present  suggests  that  its 
synthesis  may  oe  effected  by  heating  the  above  bodies  with  malic 
or  succinic  acids  or  with  a  derivative  of  crotonic  acid. — JBer.  Berl. 
ehem,  Oes.y  iv,  668,  July,  1871.  G.  F.  B, 
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7,  A  Nea  Sree^ng  Priam;  by  Josspb  Zsmticatbb. — ^Mr. 
Joseph  Zentmtfer  ezliibited  and  described  a  single  prism,  whioh 
erects  the  image  completely,  and  in  snch  &  way  tbat  the  inddent 
and  emerging  rays  are  parallel,  vbich,  as  &r  as  we  know,  was 
never  accompllehed  before.  In  connection  with  the  mioroacope, 
as  it  was  ehown,  it  interfered  very  little  witli  the  definition,  aad, 
although  the  light  is  twice  refracted  and  reflected,  the  loM  of  light 
is  much  less  than  one  would  expect  With  the  microecope,  the 
prism  is  placed  right  above  the  objective,  and  the  instmment  may 
be  used  in  any  inclined  position.  A  pur  of  such  prisma  miffht  m 
osed  also  for  an  erecting  binocular  microscope,  of  which  the  two 
bodies  have  the  same  inclination  to  the  stage. 

Fig.  1  shows  the  front  and  profile  of  the  prism.  The  projection 
of  the  front  is  a  square,  that  of  the  profile  an  isosceles  triangle. 


The  angles  at  the  base  of  the  triangle  are  27°  19'  for  orown  gU» 
of  a  reiracting  index  of  1*53,  in  order  to  obtain  the  greatest  aper> 
ture  combined  with  the  smallest  F^sm. 
Fig.  2  is  a  view  from  above.     The  rays  of  A,  B,  and  C  of  figi. 


1  and  2  are  the  identical  ones,  their  dotted  parts  are  the  projec- 
tions of  the  rays  inside  of  the  glass,  and  their  course  may  be  read- 
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followed  in  the  profile,  fig.  1,  where  the  npper  ray.  A,  emerges 

Lhe  lower  one,  and  the  lower  ray,  C,  as  the  upper  one. 

U  the  ray  A  enters  the  perpendicular  line  above  the  lower 

■e,  it  will  not  be  reflected  out  of  its  plane,  while  the  raya  B 

I  C,  entering  the  left  aide  of  the  pnam,  reach  the  iDcIiiied 

M,  from  which  they  are  reflected  to  the  opposite  lower  one, 

1  are  changed  in  tneir  course  to  the  rightj  from  here  again 

ected,  to  emerge  at  the  corresponding  opposite  point. 

?lg.  3  is  a  perspective  representation  of  the  prism. — Journal 

anklin  Institute. 

IL  Geoloqt  and  Natural  Histoky. 

,.  On  tha  BomoH  ;  by  Dr.  DxviBtys. — Dr.  Dawson  published  a 
ly  to  the  first  of  the  extended  memoira  of  Messrs.  King  and 
wney  in  volume  1  of  the  second  series  of  the  Proceedings  of 

Irieib  Academy.  That  oar  readers  mar  have  l>efore  them  what 
iSid  bv  the  original  deecriber  of  the  Eozoon,  in  opposition  to 

ooBcIuBioQe  ol  the  Irish  investigators,  we  cite  the  following 
n  hiB  arUcle. 

a  opposition  to  these  &cta,  and  to  the  careful  deductions  drawn 
n  tbem,  the  authors  of  the  paper  under  consideration  maiotaiu 
*the  structures  are  mineral  and  crystalline.     I  believe  that  in 

uresent  state  of  science  such  an  attempt  to  return  to  the  doctrine 
*^|jaBtio-force"  as  a  mode  of  accounting  for  fossils  wuirid  not  be 
irated  for  a  moment,  were  it  not  for  the  great  antiquity  and 
;hly  erystalline  condition  of  the  rocka  in  which  the  structui-ea  are 
vAi  which  uatiiraUy  create  a  prejudice  against  the  idea  of  their 
u  foBsiliferous.  That  the  authorn  themselves  feel  this  is  appai- 
iRvm  the  slight  manner  in  which  they  state  the  leading  facts 
>ve  given,  and  from  their  evident  anziety  to  reatrict  the  question 
the  mode  of  ocnirrence  of  serpentine  in  limestone,  and  to  ignore 
I  specimens  of  Eoxoon  preserved  nnder  different  mineral  condi- 

i¥ith  reference  to  the  genera)  form  of  Eozoon  and  its  structure  on 
:  lai^e  scale,  I  would  call  attention  to  two  admissions  of  the 
,hortt  of  the  paper,  which  appear  to  me  to  be  fatal  to  tlicir  case : 
'st,  they  admit,  at  page  6.^3  [Proceedings,  vol.  x],  their  "inabil- 
to  explain  satisfactorily"  the  alternating  layers  of  carbouate  of 
e  and  other  minerals  in  the  typical  specimens  of  Canadian 
zoon.  They  make  a  feeble  attempt  to  establish  an  analogy 
ween  this  and  certain  concentric  concretionary  layers;  but  the 
es  are  clearly  not  parallel,  and  the  laminte  of  the  Canadian 
Eoon  present  connecting  plates  and  columns  not  explicable  on 
.'  concretionary  hypothesis.  If,  however,  they  are  unable  to 
(lain  the  lamellar  structure  alone,  as  it  appeared  to  Logan  in 
i9,  is  it  not  rash  to  attempt  to  explain  it  away  now,  when 
tain  minute  internal  structures,  corresponding  to  what  might 
'e  been  expected  on  the  hypothesis  of  its  organic  origin,  are 
led  to  it  ?  If  I  affirm  that  a  certain  mass  is  the  trunk  of  a  fossil 
a.  JooB.  act.— TaiBD  SuuBS,  Vou  IV,  No.  19.— J<n,r,  187iL 
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tree,  and  another  asserts  that  it  is  a  concretion,  bat  professes  to  be 
unable  to  account  for  its  form  and  its  rings  of  growth,  surely  bis 
case  becomes  very  weak  after  I  have  made  a  mce  of  it,  and  have 
shown  that  it  retains  the  structure  of  wood. 

Next,  they  appear  to  admit  that  if  specimens  occur  wholly  com- 
posed of  carbonate  of  lime  their  theory  will  fail  to  the  ground. 
T^ow  such  specimens  do  exist.  They  treat  the  Tudor  specimen 
with  scepticism  as  probably  ^strings  of  segregated  calcite." 
Since  the  account  of  that  specimen  was  published,  additional  frag- 
ments have  been  collected,  so  that  new  slices  have  been  prepared. 
I  have  examined  these  with  care,  and  am  prepared  to  affirm  that 
the  chambers  in  these  specimens  are  filled  with  a  dark-colored 
limestone  not  more  crystalline  than  is  usual  in  the  Silurian  rocks, 
and  that  the  chamber-walls  are  composed  of  carbonate  of  lime, 
with  the  canals  filled  with  the  same  material,  except  where  the 
limestone  filling  the  chambers  has  penetrated  into  parts  of  the 
larger  ones.  I  should  add  that  the  stratigraphical  researches  of 
Mr.  Yennor,  of  the  Canadian  Survey,  have  rendered  it  probable 
that  the  beds  containing  these  fossils,  though  nncontormably 
underlying  the  Lower  SUurian,  overlie  the  Lower  Laurentian  of  the 
locality,  and  are,  therefore,  probably  Upper  Laurentian,  or  perhaps 
Huronian,  so  that  the  Tudor  specimens  may  approach  in  age  to 
G Umbel's  Eozoon  Bavaicum.* 

Further,  the  authors  of  the  paper  have  no  right  to  object  to  our 
regarding  the  laminated  specimens  as  *^  typical''  Elozoon.  If  the 
question  were  as  to  typical  ophite^  the  case  would  be  difiTerent ;  bat 
the  question  actually  is  as  to  certain  well-defined  forms  which  we 
regard  as  fossils,  and  allege  to  have  organic  structure  on  the  small 
scale,  as  well  as  lamination  on  the  large  scale.  We  profess  to 
account  for  the  acervuline  forms  by  the  irregular  growth  at  the  sur- 
face of  the  organisms,  and  by  the  breaking  of  them  into  fragments 
confusedly  intermingled  in  ereat  thickness  of  limestone,  just  as 
fragments  of  corals  occur  m  Paleozoic  limestone;  but  we  are 
under  no  obligation  to  accept  irregular  or  disintegrated  specimens 
as  typical ;  and,  when  objectors  reason  from  these  fragments,  we 
have  a  right  to  point  to  the  more  perfect  examples.  It  would  be 
easy  to  explain  the  loose  cells  of  Tetradium^  which  characterize 
the  Birds-eye  limestone  of  the  Lower  Silurian  of  America,  as  crys- 
talline structures ;  but  a  comparison  with  the  unbroken  masses  of 
the  same  coral  shows  their  true  nature.  I  have  for  some  time 
made  the  minute  structure  of  Paleozoic  limestones  a  special  study, 
and  have  described  some  of  them  in  the  Trenton  formation  of  Can- 
ada. I  propose,  shortly,  to  publish  additional  examples,  showing 
fragments  of  various  kinds  of  fossils  preserved  in  these  limestones, 
and  recognizable  only  by  the  infiltration  of  their  pores  and  other 
minute  structures.  I  shall  also  be  able  to  show  that  in  many  cases 
the  crystallization  of  the  carbonate  of  lime  and  the  infiltration  of 

*  Dr.  Hunt,  in  a  recent  oommaoicatioQ  to  this  Journal  for  July,  1870,  p.  86, 
is  soppoeed  to  regard  them  as  belonging  to  a  great  series  of  strata  not  hitiieiio 
dearij  recognised,  lying  at  the  base  of  the  Primordial,  but  distinct  from  and 
*«ywer  than  tiie  Upper  Laurentian  and  the  Huronian. 
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other  substances  have  not  interfered  with  the  perfection  of  the 
most  minute  of  these  structures. 

The  fact  that  the  chambers  are  usually  filled  with  silicates  is 
strangely  regarded  by  the  authors  as  an  argument  against  the 
organic  nature  of  Eozoon.  One  would  think  that  the  extreme 
frequency  of  siliceous  fillings  of  the  cavities  of  fossils,  and  even  of 
siliceous  replacement  of  their  tissues,  should  have  prevented  the  use 
of  such  an  argument,  without  taking  into  account  the  opposite  con- 
clnsions  to  be  drawn  from  the  various  kinds  of  silicates  found  in 
the  specimens,  and  from  the  modern  filling  of  Foraminifera  by 
hydrous  silicates,  as  shown  by  Ehrenberg,  Mantell,  Carpenter, 
Bailey,  and  Pourtales.*  Further,  I  have  elsewhere  shown  tnat  the 
loganite  is  proved  by  its  texture  to  have  been  a  fragmental  sub- 
stance, or  at  least  filled  with  loose  dibris ;  that  the  Tudor  speci- 
mens have  the  cavities  filled  with  a  sedimentary  limestone,  and 
that  several  fragmental  specimens  from  Madoc  are  actually  wholly 
calcareous.  It  is  to  be  ooserved,  however,  that  the  wholly  calcar- 
eous specimens  present  great  difiiculties  to  an  observer;  and  I 
have  no  doubt  that  they  are  usually  overlooked  by  collectors  in 
consequence  of  their  not  bein^  developed  by  weathering,  or  show- 
ing any  obvious  structure  in  fresh  fractures. 

with  regard  to  the  canal  system,  the  authors  persist  in  confus- 
ing the  casts  of  it  which  occur  in  serpentine  with  **  metaxite"  con- 
cretions, and  in  likening  them  to  dendritic  crystallizations  of  silver, 
Ac,  and  coralloidal  forms  of  carbonate  of  lime.  In  answer,  to 
this,  I  think  it  quite  snflieient  to  say  that  I  fail  to  perceive  the 
resemblance  as  other  than  very  imperfect,  imitative.  I  may  add 
that  the  case  is  one  of  the  occurrence  of  a  canal  stnicture  in  forms 
which  on  other  grounds  appear  to  be  organic,  while  the  concre- 
tionary forms  referred  to  are  produced  under  diverse  conditions, 
none  of  them  similar  to  those  of  which  evidence  appears  in  the 
specimens  of  Eozoon.  With  the  singular  theory  of  pseudomor- 
phism, by  means  of  which  the  authors  now  supplement  their  pre- 
vious objections,  I  leave  Dr.  Hunt  to  deal. 

With  regard  to  the  proper  wall  and  its  minute  tubulation,  the 
essential  error  of  the  authors  consists  in  confounding  it  with  fibrous 
and  acicular  crystals,  and  in  maintaining  that  because  the  tubuli 
are  sometimes  apparently  confused  and  confluent  they  must  be 
inorganic  With  regard  to  the  first  of  these  positions.  I  may 
repeat  what  I  have  stated  in  former  papers — that  the  true  cell-wall 
presents  minute  cylindrical  processes  traversing  carbonate  of  lime, 
and  usually  nearly  parallel  to  each  other,  and  often  slightly 
balbose  at  the  extremity.  Fibrous  serpentine,  on  the  other  hand, 
appears  as  angular  crystals,  closely  packed  together,  while  the 
numerous  spicular  crystals  of  siliceous  minerals  which  often  appear 
in  metamorphic  limestones,  and  may  be  developed  by  decalcifica- 
tion, appear  as  sharp  an^ilar  needles  usually  radiating  from  centers 
or  irregular  disposed.  Flate  44,  fie:.  10  (Ophite  from  Skye,  King 
and  Rowney'rt  Paper,  "Proc.  R.  ^,  A.,"  vol.  x),  is  an  eminent 
example  of  this ;  and  whatever  the  nature  of  the  crystals  may  be, 

•  «*  Quarterly  Journal  G«ol.  Society,"  1864. 
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they  have  do  appearance  in  the  plate  of  being  tubuli  of  EIozoon. 
I  have  very  often  shown  microscopists  and  geologists  the  cell- wall 
along  with  veins  of  chrysotile  and  coatings  of  acicular  crystals 
occunng  in  the  same  or  similar  limestones,  and  they  have  never 
failed  at  once  to  recognize  the  difference,  especially  under  high 
powei-8. 

I  do  not  deny  that  the  tubulation  is  often  imperfectly  preserved, 
and  that  in  such  cases  the  casts  of  the  tubuli  may  appear  to  he 
glued  together  by  concretions  of  mineral  matter,  or  to  be  broken 
or  imperfect.  But  this  occurs  in  all  fossils,  and  is  familiar  to  any 
microscopist  examining  them.  How  difficult  is  it  in  many  cases 
to  detect  the  minute  structure  of  Nummulites  and  other  fossil 
Foraminifera  ?  How  often  does  a  specimen  of  fossil  wood  present 
in  one  part  distorted  and  confused  fibers  or  mere  crystals,  with 
the  remains  of  the  wood  forming  phragmata  between  them,  when 
in  other  parts  it  may  show  the  most  minute  structures  in  perfect 
preservation  ?  But  who  would  use  the  disiutegrated  portions  to 
invalidate  the  evidence  of  the  parts  better  preserved?  Yet  this  is 
precisely  the  argument  of  Professors  King  and  Kowney,and  which 
they  have  not  hesitated  in  using  in  the  case  of  a  fossil  so  old  as 
£ozoon,  and  so  often  compressed,  crushed,  and  partly  destroyed  by 
mineralization. 

I  have  in  the  above  remarks  confined  myself  to  what  I  regard  as 
absolutely  essential  by  way  of  explanation  and  defence  of  the  organic 
nature  of  Eozoon.  It  would  be  unprofitable  to  enter  into  the  mul- 
titude of  subordinate  points  i*aised  by  the  authors,  and  their  theorj 
of  mineral  pseudomorphism  as  discussed  by  my  friend  Dr.  Hunt; 
but  I  must  say  here  that  this  theory  ought,  in  my  opinion,  to 
afford  to  any  chemist  a  strong  presumption  against  the  validity  of 
their  objections,  especially  since  it  confessedly  does  not  account 
for  all  the  facts,  while  requiring  a  most  complicated  series  of 
unproved  and  improbable  suppositions. 

The  last  point  which  I  shall  mention  is  the  taunt  that  so  little 
further  progress  has  been  made  in  the  investigation  of  Eozoon. 
With  reference  to  this,  I  beg  leave  to  doubt  whether  a  process  of 
confounding  the  actual  structure  of  Eozoon  with  all  manner  of  den- 
dritic and  crystalline  forms,  in  the  way  followed  by  the  anthors, 
would  constitute  progress.  But  in  so  far  as  careful  comparison 
with  all  specimens  which  have  been  recently  found  is  concerned, 
some  progress  has  been  made ;  and  I  trust  that  it  will  soon  be  pos- 
sible to  bring  forward  not  merely  additional  specimens  illustrative 
of  the  stnicture  of  Eozoon,  but  fresh  evidence  of  its  wide  ffec^raph- 
ical  range,  and  also  links  of  connexion  with  fossils  of  the  JPiueozoio 
rocks.  The  discovery  recently  made  in  Massachusetts,  and 
alluded  to  by  Messrs.  Rowney  and  King,  is  itself  not  without  im- 
portance. In  the  meantime  I  am  content  to  accept  the  investiga- 
tions of  Messrs.  King  and  Rowney  as  nearly  exhaustive  of  tne 
natural  history  of  those  imitative  forms  which  may  be  confounded 
with  Eozoon,  and  therefore  as  in  a  certain  way  useful  in  the  fur- 
ther prosecution  of  the  subject.     As  already  stated,  I  am  at  this 
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moment  engaged  in  following  out,  as  opportunity  offers,  two  lines 
of  investigation  bearing  on  the  following  points : — (1)  the  study 
of  the  Lower  Silurian  and  Primordial  successors  of  Eozoon,  and 
(2)  that  of  the  tubulation  and  other  structures  similar  to  those  of 
Eozoon  preserved  in  the  Paleozoic  rocks. 

2.  Discovery  of  a  Large  Bone  Cave  in  Bavaria. — During  the 
cutting  of  the  railway  from  Nuremberg  to  Regensburg  by  the 
Bavarian  Eastern  Railway  Co.,  it  was  necessary  to  cut  directly 
through  a  piece  of  mountain  chain  in  Schelmengraben  near  Regens- 
burg. It  was  owing  to  this  that  this  bone  cave  was  discovered, 
and  its  miscellaneous  contents  were  able  to  be  examined  and 
arranged.  Since  the  railway  cut  right  across  the  middle  of  the 
cave,  it  allowed  it  to  be  very  thoroughly  examined,  and  under  the 
most  favourable  circumstances  and  m  daylight,  as  has  been  the 
case  in  very  few  other  instances.  The  railway  company  have  given 
every  facility  in  their  power  that  the  cave  should  be  thoroughly 
examined,  and  under  tne  direction  of  Profs,  Fraas  and  Zittel,  a 
gang  of  men  were  actively  employed  for  many  days,  and  the 
objects  so  obtained  were  carefully  preserved.  From  the  local 
German  papers  the  following  particulars  have  been  obtained, 
which,  allowing  for  a  little  locaU  coloring  and  exaggeration,  show 
the  find  to  have  been  a  most  important  one,  and  one  that  may  well 
come  under  the  notice  of  the  International  Congress  of  Archaeology 
and  Anthropology  at  their  meeting  this  year,  where  the  whole 
question  of  bone  caves  and  their  contents  is  to  form  a  prominent 
subject  for  discussion. 

The  cave  in  question  was  originally,  when  first  discovered  about 
two  years  ago,  28  metres  (about  91  ft.)  long,  and  was  simply  a 
fissure  in  the  Jura  limestone,  which  had  been  enlarged  by  running 
water.  Its  opening  was  visible  half  way  up  the  mountain  side, 
partly  hidden  in  dense  woods.  It  stretched  from  north  to  south, 
with  a  slight  turn  toward  the  west  of  about  15°.  The  new  line  of 
railway  cut  deeply  into  the  hill  side,  and  during  the  course  of  this 
year  has  already  cut  away  one  half  of  the  cave;  but  unfortunately 
the  contents  were  employed  on  the  line.  On  this  account,  only  the 
part  not  touched  was  able  to  be  excavated  and  examined,  and  this 
was  11  metres  (36  ft.)  long,  2  metres  (6J  ft.)  wide,  and  in  the 
middle  3  metres  (9^^  ft^)  deep.  Wood  ashes  and  pieces  of  coal,  to- 
gether with  pieces  of  pottery,  had  accumulated  to  about  the  height 
of  three  feet,  in  the  midst  of  which  were  sharp  splinters  of  flint, 
and  a  thick  mass  of  broken  and  split  bones,  and  the  shattered 
skulls  and  jaw  bones  of  a  heterogeneous  mass  of  animals  of  all 
kinds.  In  the  lowest  layer  no  trace  of  men,  either  by  their  remains 
or  by  their  handiwork,  could  be  found;  all  the  remains  consisted 
of  bones  of  animals,  chiefly  the  cave  bear,  hyena,  and  lion.  These 
cave-dwelling  animals  appear  to  have  been  the  first  and  earliest 
possessors  of  the  cave,  nut  soon  after  this,  men  must  have  dis- 
covered the  cave  and  inhabited  it,  for,  from  this,  layer  up  to  the 
newest  layer  of  all,  the  presence  of  man  is  clearly  shown,  and  the 
remains  of  their  feasts  and  of  their  daily  life  are  mingled  with 
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those  of  the  previously-named  animals.  The  most  nameroos 
remains  consist  of  flints,  of  which  many  thousand  were  found;  bat 
these  do  not  appear  to  have  been  used  as  implements,  but  come 
rather  under  the  cate&:ory  of  flint-flakes,  the  chippings  from  knives, 
saws,  lances,  &c.  "f he  most  perfect  one  found  is  three  inches 
Ions  and  half  an4nch  wide,  and  is  toothed  like  a  saw,  and  was 
probably  used  as  such  to  saw  off  the  ends  of  the  deer's  boms,  of 
which  quantities  were  found. 

In  order  to  judge  of  the  age  in  which  men  began  to  inhabit  this 
cave,  we  must  examine  the  remains  of  the  bones  and  skeletons  of 
the  animals  which  they  hunted,  and  whose  flesh  was  eaten  in  the 
cave.  The  most  conspicuous  among  these  is  the  cave  bear,  and 
although  it  might  at  flrst  sight  appear  very  difiicult  to  recognize 
in  the  oroken  and  burnt  bits  of  bone  that  they  really  do  belong  to 
the  cave  bear,  nevertheless,  careful  compaiison  with  speci^iens 
in  museums  has  proved  that  this  is  the  case.  Every  care  seems 
to  have  been  made  to  utilize  to  the  utmost  all  parts  of  this  animal, 
which  was  apparently  ttie  most  important  game  in  the  surround- 
ing forests,  and  which  no  doubt  required  much  labor  and  time  to 
capture.  At  the  same  time,  together  with  the  bones  of  the  cave 
bear  are  found  bones  of  the  elephant  and  of  the  rhinoceros,  but 
not  many  in  comparison.  These  remains,  however,  show  con- 
clusively, by  the  way  in  which  they  have  been  spilt  up  and  broken, 
that  man  hunted  these  animals  at  the  time  he  first  appears  on 
the  scene.  Remains  of  horses,  oxen,  cats,  and  wolves  were  also 
met  with,  and  in  proof  that  the  early  inhabitants  were  not 
unmindful  offish,  there  are  the  bones  and  scales  of  large  pike  and 
carp.  The  smaller  bones  of  mice  and  frogs  do  not  appear  to  owe 
then*  origin  so  much  to  man  as  to  the  owls,  which  seem  to  have 
held  possession  of  the  cave  as  well. 

Great  interest  attaches  to  the  fragments  of  pottery  w^hich  were 
found  in  the  cave,  and  which  rival  the  flint  flakes  in  quantity. 
It  appears  to  have  been  all  hand  made,  but  alihough  rough,  shows 
considerable  beauty  of  shape  and  form.  It  is  possible  to  put  to- 
gether from  the  fragments  one  or  two  more  or  less  complete  ves- 
sels, which,  however,  show  great  diversity  as  to  size,  ic,  some 
being  between  10  and  20  centimetres  in  diameter.  The  mate- 
rial of  which  they  are  made  appears  to  be  clay  mixed  with 
sand,  but  few,  if  any,  seem  to  have  been  regularly  burnt. 
Much  of  the  pottery  is  ornamented  with  lines  or  rows  of  dots, 
which  run  in  zigzag  lines  over  the  wider  parts.  The  internal 
smoothness  would  appear  to  be  due  to  the  river  mussel,  Unio, 
obtained  from  the  river  Naab,  which  flows  close  by,  and  of  which 
many  well  rubbed  and  polished  specimens  wert^  found  in  the  cave. 
A  block  of  granite  with  one  side  rubbed  smooth  by  long  usage,  and 
appearing  quite  polished,  can  hardly  be  anything  else  than  a  well- 
worn  millstone,  and  this  is  rendered  more  probable  by  two  holes 
having  been  bored  into  the  upper  side  as  if  for  the  purpose  of 
affixing  a  handle.  The  presence  of  this  millstone  would  indicate 
the  cultivation  of  land  in  the  immediate  neighborhood,  which  is 
confirmed  by  the  finding  of  several  spindles  made  of  clay. 
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The  different  objects  found  in  this  cave  are  of  great  interest,  as 
they  apparently  run  counter  to  the  somewhat  hard  and  fast  lines 
which  have  been  drawn  as  to  different  well  marked  periods  in  the 
early  history  of  man. — Nature^  May  30. 

8.  PwudomorphM  of  Serpentine  with  the  form  of  Stavrolite  ; 
T.  D.  Rand  (Proc.  Acad.  Nat.  Sci.  Philad.,  1871).--At  the  line 
between  Philadelphia  and  Montgomery  counties,  the  well-known 
steatite  bed,  beginning  on  the  west  side  of  Chestnut  Hill,  about 
three  miles  distant,  crosses  the  Schuykill  and  continues  in  a  nearly 
southwest  by  south  direction  (exactly  S.  64  W.),  beyond  that  river 
about  two  miles  and  a  half^  where  it  crosses  the  valley  of  Mill 
Creek,  and  ends,  or  sinks  beneath  the  surface.  Perhaps  the  most 
conspicuous  and  remarkable  rock  of  this  belt  is  a  steatite,  con- 
taining a  black  serpentine.  This  rock  in  many  places  projects 
above  the  surface  ot  the  ground  in  immense  masses,  particularly 
at  Mill  Creek,  seeming  to  have  resisted  erosion  and  decomposition 
to  a  remarkable  degree.  It  lies  on  the  northwest  side  of  the  stea- 
tite proper.  The  whole  aspect  of  this  curious  formation  suggests 
a  rock  originally  containing  crystals  of  some  mineral,  but  metamor- 
phosed almost  Deyond  recognition.  To  this  mineral  I  believe  no 
clue  has  heretofore  been  obtained.  Nearly  all  these  black  masses, 
which  vary  in  size  from  a  half-inch  or  less  to  several  inches,  are 
irregular  in  form,  and  adhere  so  closely  to  the  matrix  that  sections 
only  can  be  obtained,  which,  however,  rarely  show  any  angles, 
or  other  than  a  nodular  form,  so  that  the  rock  has  by  some  been 
considered  a  conglomerate.  Even  in  weathering,  the  two,  except 
in  one  place  hereafter  mentioned,  seem  to  weaUier  so  much  alike 
that  no  clue  to  the  form  can  thus  be  had. 

About  two  years  ago,  however,  I  found,  near  the  soapstone 
quarry,  on  the  northeast  bank  of  the  Schuykill,  one  of  these  ser- 
pentine masses  presenting  a  stellated  form'  of  six  rays,  or  of  one 
large  crystal  crossed  by  two  smaller  at  angles  of  aoout  60  and 
120  on  the  section  plane,  suggesting  staurolite.  A  i^m  days  ago, 
while  with  Pro£  E.  J.  Houston  examining  this  rock  on  the  south- 
west side  of  Mill  Creek,  a  piece  was  found  containing  a  broken 
crystal  4^  inches  X  1^  X  li^  presenting  two  well-defined  sides, 
and  upon  a  cross-fracture  these  sides  were  found  to  continue  to 
another  forming  with  one  of  the  sides  an  angle  of  about  75°  on 
the  section,  which  approximated  a  plane  at  right  angles  to  the 
ftces.  The  steatite  in  which  it  was  imbedded,  and  the  serpentine 
itself^  contained  ferruginous  dolomite  or  breunnerite. 

On  the  northeast  side  of  Mill  Creek,  a  portion  of  the  rock  in 
place  was  found  very  much  weathered  on  tne  surface,  the  steatite 
being  cavernous  and  decomposed,  and  very  soft  and  brittle, 
owing,  probably,  to  a  large  admixture  of  ferruginous  dolomite, 
but  the  serpentine  gone  entirely,  save  a  little  pulverulent  oxide 
of  iron ;  the  cavities  were  nearly  all  lenticular  in  shape,  but  too 
regular  to  be  other  than  matrices  of  crystals,  while  in  two  cases 
distmct  cruciform  cavities  with  angles  of  about  60°  were  observed. 
The  portions   of  rock  containing  these  were  cut  out,   and  in 
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one  of  them  lead  was  poured,  and  a  cast  obtained,  which,  while 
irregular  and  rough,  was  a  fac-simile  in  metal  of  the  comjnon 
cruciform  twins  of  staurolite.  Portions  of  the  same  rock,  which 
had  not  altered,  were  found  containing  the  serpentine  in  distinct 
crystals,  irregular  in  outline,  but  twinned  at  angles  of  about  60°. 

4.  Hisingerite^  from  the  Gap  Mine^  Lancaster  County^  Pa.  / 
T.  D.  Rand. — Black  amorphous;  lustre  between  resinous  and 
vitreous ;  streak,  brown.  Fracture  conchoidal,  brittle.  H.— 2^-8. 
G.— 2.11. 

Analysis,  omitting  1.18  per  cent,  gangue: — 

Water  at  212* 14.30 

at  redness 9.89  24.19 

Silica 36.40 

FeO 12.68 

Fe^Oa 27.46 

99.58 

In  a  cutting  throu^^h  decomposed  mica  schists,  on  the  new  line 
of  the  Philadelphia,  Wilmineton  and  Baltimore  Railroad,  about 
half  a  mile  southwest  of  Gray's  Ferry,  there  is  a  white  efflorescenoe, 
alkaline  to  the  taste.  It  consists  chiefly  of  sulphate  of  soda,  an 
unlooked-for  mineral  in  such  location. — Proc,  Aoad.  Nat,  ScL 
Philad.ylS1\. 

5.  Descriptions  of  new  species  of  FoBsils  from  the  vicinity  of 
LouisviUe^  Ky,^  and  the  FaUs  of  the  Ohio;  by  James  Hall  and 
R.  P.  Whitfield.  7  pp.  8vo.  Published  May,  1872,  in  advance 
of  the  Report  on  the  State  Museum.  Contains  descriptions  of 
species  of  Orthis,  Spiriiera,  Pentamerus,  Aviculopecten,  Yoldia?, 
Nucula,  Cypricardinia,  Polyphemopsis,  and  of  the  new  genus 
Ptychodesma,  based  on  a  modioloid  shell. 

(5.  Mineralogical  investigations  of  vow  Math. — The  144th  vol- 
ume of  PoggendorflTs  Annalen  contains  a  continuation  of  the  val 
uable  mineralogical  and  crystallographic  researches  of  vom  Rath, 
treating  of  the  composition  of  the  time-soda  feldspars ;  composi- 
tion of  orthoclase ;  the  ersbyite  of  Pargas ;  sahlite  in  the  Pen- 
nine Alps;  woUastonite  of  Mt  Somma;  allophane  of  Debm  in 
Nassau. 

7.  Proceedings  and  I¥ansactiot}S  of  the  Nova  Seotian  Institute 
of  Natural  Science  of  Halifax^  Nova  Scotia. — Part  L  of  vol.  iii, 
94  pp.  Svo.  (6«.),  has  recently  been  issued.  It  contains  several 
papers  on  the  geology,  natural  history,  and  meteorology  of  N  ova 
Scotia. 

8.  Marc  Micheli ;  On  some  Recent  Researches  in  Vegetahk 
Physiology.  An  article  in  the  Archives  des  Sciences  of  the 
Bihliothhque  Universale  of  Geneva,  in  October  last,  reproduced  in 
English  in  the  Ann.  and  Mag.  of  Natural  History,  London,  for 
February  and  March  last. — ^Micheli  is  the  translator  into  the 
French  of  Sachs'  volume  upon  Vegetable  Physiology,  and  we  trust 
he  will  translate  the  other  volumes  of  the  series  to  which  this 
belongs.     The  researches  which  are  first  considered  in  this  inter 
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esting  article,  relating  to  the  movementg  of  chlorophyl  grains  in 
the  cells  of  leaves  under  the  light,  have  been  noticed  in  this 
JoumaL  The  discovery  that  the  green  of  leaves  is  less  intense 
under  direct  sunshine  than  under  difiuse  daylight  is  attributed  to 
Sachs.  The  discovery  of  the  movement  of  the  gi-ains  toward  the 
lipbt,  that  they  group  themselves  during  the  day  upon  the  more 
illuminated  horizontal  walls — and  this  only  ander  the  action  of 
the  more  refrangible  solar  rays — and  retreat  at  night  to  the  per- 
pendicular walls,  belongs  to  Famintzin.  Next  Sorodin  (as  we 
nave  already  recorded),  explained  Sachs'  observation  by  ascer- 
taining that  direct  sunlight,  when  too  ardent,  caused  the  same 
retreating  of  the  green  grains  that  darkness  does.  Then  Rose 
remarked  that  the  movement  of  the  green  grains  involved  that  of 
the  whole  protoplasmic  mass ;  and  Frank  (in  Bot.  Zeit.)  finds  that 
the  result  of  prolonged  unilateral  illumination  is  to  accumulate  the 
grains  in  the  more  strongly  illuminated  side  of  the  cell, — that,  like 
zoosposes,  they  incline  to  seek  the  light.  In  these,  as  in  all  peri- 
odical movements,  currents  of  protoplasm,  and  in  heliotropic  cur- 
vatures, the  most  refrangible  rays  only  are  efficient.  As  to  the 
action  of  light  in  assimilation,  the  decomposition  of  carbonic  acid, 
tfhd  the  formation  of  chlorophyl,  the  net  results  of  all  recent 
researches,  those  of  Famintzin,  Krauss,  Prillenx,  Boronetsky  (Bot. 
Zeit.,  1871,  No.  13),  and  PfeflTer,  go  to  confirm  the  now  woll- 
settled  view  that  these  phenomena  are  dependent  solely  upon 
luminous  intensity.  Dr.  Pfeffer,  by  very  complete  lines  of  inves- 
tigation (which  we  have  no  room  to  detail),  made  out  that  if 

White  light  decomposes   100  parts  of  carbonic  acid. 
Red  and  orange    *'  32. 1  " 

Yellow  "  46.1  " 

Green  "  16.0  « 

Blue,  indigo,  and 

violet  "  7.6  " 

The  curve  of  assimilation,  nearly  parallel  to  the  curve  of  luuiinous 
intensity,  culminates  between  the  Fraunhofer  lines  D  and  E. 

As  to  phenomena  which  result  from  the  absence  of  light,  Krauss 
has  studied  the  difiTerence  between  stems  and  leaves  when  subject 
to  etiolation  ;  the  limbs  of  leaves  undergoing  complete  arrest  of 
development  in  darkness,  while  the  intemodes  of  stems  elongate 
br  beyond  normal  dimensions.  The  blade  of  a  leaf,  it  appears, 
completes  its  growth  after  coming  into  the  light  solely  from  the 
materials  whicn  it  assimilates  (into  starch  or  its  equivalent)  ; 
starch  stored  up  in  the  older  tissues  is  of  no  use  to  it.  In  dark- 
ness none  of  this  is  produced,  and  so  its  growth  is  arrested.  Tlie 
exaggerated  length  of  intemodes  is  due  to  very  different  causes, 
and  is  related  to  the  phenomena  of  tension,  which  always  inter- 
vene in  st«ms  between  the  medulla,  or  active  pait,  on  the  one 
hand,  and  the  ligneous  and  cortical  cells,  or  passive  parts,  on  the 
other. 

"From  an  anatomical  point  of  view  the  etiolated  intemodes  are 
distinguished  by  presenting  all  the  characters  of  very  young  inter- 
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nodes  just  issuing  from  the  bud ;  the  thickening  of  the  walls  of  the 
ligneous  and  cortical  cells,  which  characterizes  adult  stems  is 
here  wholly  absent.  This  thickening,  indeed,  is  related  hj  bonds 
which  are  not  yet  very  exactly  understood  to  the  presence  of  leaves 
on  the  intemode.  In  darkness  the  leaves  not  being  developed,  the 
cells  retain  the  primitive  thinness  of  their  membranes. 

'^  This  being  understood,  the  elongation  of  the  etiolated  stems 
is  easily  explamed,  thanks  to  the  intervention  of  two  Actors.  In 
normal  stems  the  medulla  has  always  a  tendency  to  elongate  ;  it  is 
the  peripheral  layers  that  arrest  it ;  in  young  stems  these  are  sub- 
jected to  a  tension  strong  enough  to  cause  them  to  shorten  con* 
siderably  when  they  are  isolated.  But  in  proportion  as  their 
walls  become  thickened  the  resistance  becomes  more  effective,  and 
we  see  this  in  the  fact  that  their  contraction,  when  thev  are  sepa^ 
atcd  from  the  rest,  becomes  less  and  less.  In  darkness  tn&t 
walls  do  not  thicken,  and  nothing  is  opposed  to  the  elongation  of 
the  medullary  cells.     This  is  the  first  factor. 

^'  With  regard  to  the  pith  itself,  M.  Erauss  has  already  shown, 
in  a  former  work  (Botan.  Zeit,  1867,  Nos.  17,  18),  that  it  has 
the  propertv  of  elongation  solely  by  the  interposition  of  aqueous 
molecules  between  the  cellulose  molecules.  This  interposition 
may  take  place  in  the  etiolated  as  in  the  normal  plaift ;  the  pith 
is,  therefore,  the  only  part  of  the  plant  which  continues  to  grow 
actively  in  the  darlc  This  growth  is  precisely  the  second  factor 
of  the  elongation  of  the  internodes  ;  and  by  combining  it  with 
the  absence  of  resistance  in  the  peripheral  layers,  we  can  unde^ 
stand  that  considerable  results  may  be  produced." 

The  recent  observations  which  relate  to  the  action  of  cold  upon 
plants,  notably  Gceppert's  paper,  have  been  already  referred  to  in 
our  pages,  but  Micheli's  abstract  of  SchroBder's  researches  upon  the 
"  Spring  Period  of  the  Maple  "  we  will  reproduce : — 

'*  The  author  has  paid  attention  to  all  the  successive  phases 
presented  by  the  development  of  the  vegetation,  from  the  ascent 
of  the  sap  to  the  moment  when  the  expanded  leaves  begin  to 
decompose  carbonic  acid.  This  is  one  of  those  complete  and  con- 
scientious works  which,  even  when  they  do  not  contain  any  very 
novel  results,  are,  nevertheless,  very  useful  to  read  and  consult ; 
but  it  is  difficult  to  give  a  clear  notion  of  them  in  a  few  words.  A 
glance  at  the  course  pursued  by  M.  SchrcBder  wiU  show  the  great 
number  of  facts  which  group  themselves  within  a  framework  such 
as  he  has  adopted. 

"  The  first  part  is  entirely  devoted  to  the  study  of  the  sap,  its 
ascent  and  its  composition.  The  maple,  under  the  latitude  of 
Broslau,  "  ipeepa  "  for  about  a  month  ;  the  sap  rises  gradually  to  a 
certain  level,  whence  it  descends  again  by  degrees,  m  proportion 
as  the  development  advances.  Holes  pierced  in  the  trunk,  at 
different  heights,  enabled  this  sap  to  be  collected  daily  ;  and 
very  numerous  analyses  keep  us  informed  of  the  smallest  variation 
in  its  composition.  It  always  contains  sugar,  a  transitorv  product 
of  the  transfoimation  of  the  starch  accumulated  in  the  tissues 
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during  the  preceding  summer,  and  destined  to  become  re-trans- 
form^ when  it  reaches  the  buds.  The  proportion,  faithfully 
represented  by  a  great  number  of  curves,  is  but  slight,  at  the  first 
awakening  of  vegetation  ;  it  increases  gradually  up  to  a  certain 
maximum,  in  proportion  as  the  vital  phenomena  acquire  more 
intensity  ;  and,  finally,  it  diminishes  when  the  young  organs, 
approaching  the  term  of  their  development,  are  on  the  verge  of 
somcing  for  themselves.  These  facts  are,  therefore,  pei-fectly  in 
accordance  with  such  a  theory  of  growth  as  has  been  established 
by  the  researches  of  modem  observers.  The  albumen  and  the 
mineral  salts  are  successively  studied  from  the  same  point  of  view ; 
and  their  dissemination  in  the  sap,  at  different  heights  at  the  same 
moment,  and  at  different  periods,  is  exactly  governed  by  the  dif- 
ferent phases  of  development.  The  second  part  is  devoted  to  the 
microscopic  examination  of  the  bud.  The  different  substances 
which  are  called  upon  to  assist  in  the  development  of  the  young 
leaf  are  traced  by  means  of  reaeents  from  cell  to  celL  Two, 
especially,  give  origin  to  detailed  observations,  namely  starch  and 
tannin*  The  dissemination  of  the  former  in  the  different  tissues, 
its  transportation  through  the  starchy  layers  of  the  fibro-vascular 
bundles,  its  disappearance  toward  the  point  of  vegetation,  at  the 
surface  of  which  it  speedily  reappears  as  cellulose — all  these  dif- 
ferent phases  are  taken  up  step  by  step  ;  and  here,  again,  we  find 
a  confinnation  of  all  that  theory  led  us  to  foresee.  As  to  tannin, 
it  is  developed  in  all  the  cells  of  the  bud  ;  and  when  once  it  has 
made  its  appearance  it  persists  there,  without  appreciable  change. 
Its  function  has  greatly  embarrassed  M.  SchroBder,  as  he  was 
unable  to  recognise  in  it  any  of  the  characters  of  an  excrementi- 
tial  product,  properly  so  called.  The  fact  that  it  is  constantly 
to  be  found  in  the  youngest  tissues  (in  which  life  is  most  intense), 
seems  to  indicate  that  it  is  a  sort  of  final  product,  charged  with  a 
still  unknown  ofiice  in  the  life  of  the  cell.  If  the  true  chemical 
nature  of  this  substance  were  better  known,  the  solution  of  the 
problem  would,  perhaps,  become  easier."  a.  g. 

9.  botany  for  Beginners ;  an  Introductio^n  to  the  Study  of 
Plants,  by  Maxwell  T.  Masters,  M.D.,  F.R.S.  London,  1872: 
Bradbury,  Evans  &  Co.  Pp.  185,  18mo.  A  series  of  articles 
treating  of  elementary  botany  with  admirable  freshness  and  clear- 
ness, and  illustrated  by  wood-cuts  of  uncommon  excellence, 
attracted  our  attention  during  the  past  year  in  the  pages  of  suc- 
cessive numbers  of  the  Gardeners'  Chronicle.  These  are  gathered 
into  this  little  volume.  The  articles,  it  appears,  were  from  the 
pen  of  Dr.  Masters;  the  illustrations  were  contributed  by  Mr. 
worthineton  Smith.  There  are  ten  cha{)ters,  or  lessons.  The 
first,  ex^ining  how  to  begin,  and  starting  with  early  spring 
flowers,  is  a  study  of  a  wiUow  and  poplar,  followed  by  the  ash 
and  elnL  The  second,  tulip  and  hyacintn.  The  third,  the  apple 
and  cherry,  followed  by  the  lilac  compared  with  the  ash,  and  so  on. 
At  the  end  are  short  chapters  on  fruit  and  seeds ;  on  seedling  plants 
and  growth ;  on  classification,  description,  and  points  to  be  looked  to 
m  each  organ ;  and  finally,  a  particularly  good  one  on  plant  life. 
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The  book  is  truly  admirable  in  plan  and  execution, — especially  bo 
for  the  skill  with  which  the  main  points  are  chosen  ana  handled, 
and  less  relevant  matter  passed  by.  There  is  not  a  particle  of 
rubbish  from  old  books ;  but  room  is  found  for  some  notice  of  phyl- 
lotaxy,  a  view  of  insect-fertilization  in  orchids,  and  a  fair  accoont 
of  natural  selection.  The  natural  classification  of  plants  is  char 
acterized  as  an  attempt  to  determine  their  degree  of  relationship, 
and  to  ascertain  their  lineage.  ju  o. 

We  learn  that  Dr.  Robert  Wrk^ht,  the  distinguished  Indian 
botsmist,  recently  died  at  Granby  Lodge,  his  residence  in  England 
since  he  retuiiied  from  active  service. 

G.  F.  Reutkr,  the  curator  for  many  years  past  of  the  herba- 
rium  of  M.  Boisner,  and  an  excellent  botanist,  died  in  June  at 
Geneva.  a.  g. 

10.  Mnsci  Appcdachiani :  or  spedmene  of  Mosses  coUeckd 
mostli/  in  the' eastern  part  of  North  America  ;  by  Cok  F.  Austin, 
Closter,  New  Jersey,  1870. — To  the  students  of  bryology  no  aux- 
iliary is  more  important  than  a  collection  of  well-prepared  and 
reliably-named  specimens.  Such  a  collection  Mr.  Austin  has 
given  us  under  the  title  above  cited ;  and  it  comes  quite  oppo^ 
tunely,  as  those  of  a  similar  kind,  relating  to  North  Amencan 
bryology,  are  now  with  difficulty  obtained. 

The  Muaci  Appalachinni  are  put  up  in  uniform  sets,  each  set 
consisting  of  copious  and  excellent  specimens  of  460  species  and 
varieties,  fastened  on  white  paper  of  suitable  sizes,  and  arranged 
in  proper  order  within  folio  sheets  of  strong  brown  paper,  the 
whole  secured  between  two  thick  paper  boards.  To  each  spe- 
cies and  variety  is  attached  a  printed  label  giving  the  name,  the 
necessary  synonyms,  the  habitat,  and  in  the  case  of  a  new  spe- 
cies, a  sufficient  Latin  character.  A  title-page,  and  complete 
index,  together  with  a  separate  pamphlet  containing  the  labels, 
accompany  each  set. 

The  specimens,  with  very  few  exceptions,  were  collected  by  Mr. 
Austin  m  New  Jersey — a  state  representing  more  fully,  perhaps, 
than  any  other,  our  bryological  flora  east  of  the  Mississippi 
river.  Its  northern  portion,  being  traversed  by  ranges  of  the 
Appalachian  mountains,  furnishes  the  species  peculiar  to  such 
stations.  In  its  central  portions  are  found  the  species  of  the 
middle  and  western  States ;  and  on  its  eastern  and  southern  borders 
occur  in  "The  Pines,"  so-called,  species  ranging  south  on  the 
Atlantic  coast  as  far  as  Florida  and  even  beyond  to  the  West 
Indies.  This  latter  portion  of  the  State  is  remarkably  rich  in 
species  of  Sphagnum,  fine  and  abundant  specimens  of  which  form 
a  special  feature  of  the  collection. 

It  is  gratifying  to  find,  as  is  shown  by  the  collection,  that 
within  the  limits  indicated  in  the  title,  large  additions  have 
recently  been  made  in  new  species,  and  no  species  which,  though 
previously  known,  have  not  heretofore  been  detected  in  this 
country.  For  these  additions  to  no  one  are  we  so  much 
indebted  as  to  Mr.  Austin  himself.  Among  them  may  be 
mentioned — Sphagnum    PortoricensCy   SpJu    Austini^   Sph,  fim- 
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latnm^  Sph.  Girgensohnii^  Sph.  teres ^  Sph.  Pylae^H  (in  fndt), 
yh,  cyvU^hyllum  (in  fruit),  SpK  neghctum^  Sph,  lartcinimi^ 
)h,  WiU^anum^  Sph.  Lindbergii  /  Mlcromitrium  Avstiniy  Micr, 
moicum^  Micr.  megcUoaporum  ;  JE}phemorum  papillomim  ;  Ano- 
tangium  Peckii  /  Conomitrium  HaUianum ;  Pottia  riparia  ; 
Hdymodan  (ylindricus;  Didym.  diversifolius ;  Desmatodon 
*orteri  /  Orthotrichum  Porterij  Orthot  J*eckiiy  Orthot,  Leacurii^ 
Hhot,  sordidum^  Orthot.  Ohioeftsey  Orthot.  citrinum ;  Bryum 
fdophylhtm  ;  FontinalU  StiUivarUi,  Font,  JUiformis ;  Oinalia 
^eilis  /  Leskea  Auatiuii ;  MhynchoBtegium  geophilum  :  Pla- 
lothecium  MuUerianuf/iy  Piag.  Passaicensej  Pktg.  latearicolay 
^iag,  tttrfctceuniy  Piag,  subfalcatum  /  Hypnum  Bergenaey  Hyp, 
'lokeri,  Syp,  Novae- Caesareae,  The  Musci  Appalachiani  can 
e  had  of  Mr.  Austin  at  the  exceedingly  low  price  of  twenty-five 
oUars  per  set.     His  address  is  Closter,  !New  Jersey.        yr,  s.  s. 

11.  way'^8  Botanical  Series.  Botany  for  Yvxmg  People^  Part 
L  How  Plants  behave;  by  Asa  Gray.  46  pp.  ICmo,  with  40 
ood-euts.  New  York.  1872,  (Ivison,  Blakeman,  Taylor  So  Co.) 
-This  little  volume  for  young  people  has  been  made  every  way 
btractive : — in  its  tinted  paper  and  excellent  printing  by  the  puo- 
shen,  but  more,  in  its  simple  and  interesting  account  of  the 
abits  of  certain  plants,  by  the  author.  The  special  subjects  of 
le  chapters  are :  i,  How  plants  move,  climb  and  take  positions ; 
[,  How  plants  employ  insects  to  work  for  them;  How  certain 
lants  capture  insects. 

12.  Journal  of  Zoology , — A  new  Zoological  Journal  ( Jounial  de 
r6ologie)  has  been  commenced  in  Paris  by  Prof.  Paul  Gervais  of 
lie  Museum  de  Paris.  Its  first  number  appeared  in  January  of 
iie  current  year,  and  it  will  be  issued  every  other  month,  llach 
amber  is  to  contain  6  or  6  sheets  and  4  or  5  plates.  Those  desir- 
ig  it  should  address  M.  Arthur  Bertrand,  12,  rue  Hautefeuille, 
*aris.     Price  for  subscribers  in  foreiffn  countries,  30  francs  a  year. 

13.  Zodlogie  et  Pnliontologie  OineraleSy  par  M,  Paul  Oervais. 
-Under  this  title,  6  numbers  have  been  issued  of  a  work  on 
*os8il  Vertebrates  and  their  relation  to  living  species.  It  will  be 
ompletedin  about  13  numbers,  containing  each  3  sheets  of  text, 
nd  4  lithographic  plates,  costing  each  5  francs. 

14.  Rect^ication  of  T,  A.  Conrad^ s  ^*  Synopsis  of  the  Family  of 
Vaiades  of  North  AmericiC* ;  by  Isaac  Lka,  L.L.D.  46  pp.,  8vo. 
%i]adelphia,  1872. — A  new  edition,  originally  from  the  Proeeed- 
ngs  of  the  Acad,  of  Nat.  Sci.  of  Philadelphia,  Feb.,  1863. 

ni.  Astronomy. 

1.  The  Double  Star  Castor. — In  the  Astronomical  Notices  for 
^lay,  Mr.  Wilson  advances  the  somewhat  startling  idea  that  the 
)omponent8  of  the  double  star  castor  are  describing  an  hyperbolic 
)rl»t.  The  observations  since  1740,  when  plotted,  give  an  appar- 
But  orbit  of  eccentricity  2*2.  The  real  orbit,  he  claims,  has  an 
eccentricity  3*16.  The  recent  observations  show  very  decidedly 
the  necessity  of  extending  the  periodic  time  of  the  orbit,  even  if 
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Mr.  Wilson's  views  be  not  confirmed.  The  periods  given  by 
Sir  John  Herschel  and  Admiral  Smyth  were  258  and  240  yean, 
but  Mr.  Hind  obtained  in  1846  a  period  of  6.32  years,  and  Capiam 
Jacob,  in  1846,  a  period  of  653  years.  The  observations  since  1845 
seem  to  require  a  still  further  extension  of  the  period,  and  msf 
require  us  to  accept  Mr.  Wilson's  remarkable  conclusions. 

2.  Meteorite  of  IbbenbUhreny  Westphalia;  Q.  Ross. — THas 
meteorite  fell  on  the  17th  of  June,  1870.  It  is  peculiar  in  consist- 
ing of  but  a  single  mineral,  and  that  bronzite,  composed  of  A 
ica  54*51,  protoxide  of  iron  17*53,  protoxide  of  manganese  0*29, 
magnesia  26*43,  lime  1*04,  alumina  ]'26— tl01*06.  The  specific 
gravity  of  the  mass  was  3*405  to  3*404,  and  that  of  the  crystalline 
grains  of  bronzite  3*428  and  3*425. 

Rose  remarks  that  one  other  meteorite,  that  of  Manegaum,  inves- 
tigated by  Maskelyne,  has  essentially  the  same  constitution  (Si 
55-70,  te  20*54,  lig  22*80,  Ca  1*32—100*36) ;  while  two  others  con- 
sist of  a  single  mineral  only,  the  Chassigny  being  made  up  of 
olivine  alone,  and  the  Bishopville  of  enstatite. 

The  Ibbenbtlhren  mass  is  somewhat  ovoidal,  has  a  black 
smooth  exterior  rind,  showing  evidences  of  fusion.  The  length  ifl 
nearly  five  inches  (one-eighth  of  a  meter). 

3.  Meteorites  of  India. — Tschebmak  has  described  two  Indian 
meteorites.  One  fell  at  Shergotty  on  the  25th  of  August,  1865, 
and  closely  resembles  those  of  Stannem  (1807).  It  consists  of 
augite,  a  colorless  tesseral  silicate  of  the  composition  of  labrador- 
rite  which  has  been  named  mcutkelynite^  and  magnetite.  This  is 
the  first  mention  of  the  latter  two  species  in  a  meteorite.  The 
other  fell  near  Gopalpoor  on  May  23,  1865.  It  consists  of  nickel- 
iferous  iron,  magnetic  pyrites,  cnroraite,  chrysolite,  bronzite,  and 
a  feldspar-like  substance. — Akad,  Wtss.  Wien^  Feb.,  1872. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Cause  of  the  bltie  and  violet  chatoyant  colors  of  Fishes, — 
6.  Pouch  ET  finds  that  there  is  a  constant  anatomic  cause  for  the 
bluish  or  violet  chatoyant  color  of  some  fishes.  There  is  under 
the  skin  a  layer  of  small  ovoidal  or  irregularly  spherical  granules, 
yellow  by  transmitted  light,  which  is  the  source  of  the  color,  this 
color  being  a  complementary  one  to  the  yellow.  The  diameter  of 
these  irising  granules  vanes  from  2  to  4  or  5  thousandths  of  a 
millimeter;  and  each  is  formed  of  a  pile  of  extraordinarily  thin 
lamellsB,  applied  one  to  the  other,  but  separately  distinguishable 
under  the  microscope.  Pouchet  concludes  that  tne  color  is  due  to 
a  kind  of  fluorescence. — Acad,  8ci,^  PariSy  May^  Lee  Mondes, 
June  6. 

2.  Iron  in  the  blood, — Boussingault  finds  the  amount  of  metallic 
iron  in  aliments  as  follows:  the  minimum,  in  carets,  0*0009  gram; 
the  maximum,  in  the  blood  of  hogs,  00534;  in  beer,  *0040;  m  the 
wine  of  Beaujolais  '0109.  The  ration  of  a  French  sailor  in  the 
marine  service  contains  0*0661  gr. ;  of  a  French  soldier,  0*0780  gr.; 
"^fan  English  workman,  0*0912  gr. ;  of  an  Irish  workman,  0*1000  gr.; 
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of  a  horse  of  the  reserve  cavalry,  1*0166  gr. ;  of  a  cow,  1'366  gr. 
In  vertebrates  the  quantity  of  iron  does  not  exceed  a  thousandth 
of  the  weight ;  in  invertebrates,  probably  not  four  ten-thousandths. 
It  is  usual  to  attribute  the  red  color  of  the  blood  to  the  presence 
of  iron.  Tet  the  white  blood  of  invertebrates  contains  almost  as 
much  iron  as  the  red  of  vertebrates.  Also,  plants  not  green,  like 
mushrooms,  contain  as  much  iron  as  the  sreen  plants.  Boussin- 
gault  concludes  that  of  all  substances  the  blood  is  that  which  con- 
tains the  largest  amount  of  iron,  and  of  assimilable  iron,  since  it 
has  already  been  assimilated. — Acad.  Sci.  ParUy  May^  Lea 
MandeSy  June  6. 

8.  JPrismatic  bows  on  the  surface  of  the  Lake  of  Geneva. — On 
February  11,  between  two  and  three  o'clock,  M.  Elie  Wartman 
observed  two  concentric  bows  with  the  colore  of  the  rainbow  on 
the  surface  of  Lake  Gksneva,  and  during  part  of  the  time  a  third  bow. 
He  attributes  the  phenomenon  to  the  presence  of  numberless  par- 
ticles floating  on  the  surface  of  the  lake.  He  remarks  that  early 
in  February  the  wind  from  the  southwest  carried  over  the  lake  im- 
mense quantities  of  line  particles,  mixed  with  smoke  from  the  many 
chimneys  of  the  city  of  Geneva,  and  that  these  materials,  arrested 
by  the  severe  storm  which  continued  for  several  days  over 
the  country,  were  distributed  over  the  waters  with  remarkable 
r^ularity ;  and  so  vast  was  the  quantity,  that  the  current  of  the 
Rhone  took  several  days  to  carry  it  otf. — L^ Institute  June  5. 

4.  Cheanut  tree  (  Caatanea  vesca), — Mr.  C.  d'Ettingshausen 
remarks  that  a  species  of  Castanea  was  common  in  the  Tertiary 
flora  of  Leoben  ( Styria),  and  its  leaves  present  a  series  of  varia- 
tions in  form  not  observed  in  other  species,  but  that  the  same 
have  recently  been  met  with  in  the  Castanea  vesca  of  the  pres- 
ent time,  ana  hence  he  concludes  that  the  latter  is  a  descendant 
from  the  former. — Akad.  Wiss.  Wien,  Feb.,  1872. 

5.  Ueber  krystaUiniscJien  Haqd  im  thrialethischen  Oehirge^  und 
Hber  die  AbMngigkeit  der  Mydrometeore  von  der  Physik  des 
Bodens ;  von  H.  Abich.     260  pp.  8vo,  with  5  plates  and  a  chart. 
Tlflis   (Caucasus),  1871. — This  Large  volume  on  the  crystalline 
hail  of  the  Thrialeth  mountains  in  the  Caucasus,  is  a  part  of  a 
work  entitled  ^^  Materialen  zu  einer  Klimatologie  des  Kaukasus," 
issued  under  the  direction  of  A.  Moritz,  Director  of  the  Observa- 
tory at  "nflis.    The  work  has  more  than  a  meteorological  value, 
for  it  treats  of  the  orography  of  the  mountain  region  of  Thrialeth 
and  of  the  volcanic  Meridian  mountains,  devoting  over  twenty 
pages  to  these  subjects.    It  then  describes  a  large  number  of  bail 
storms  that  occurred  in  the  region,  giving  careful  statements  as  to 
the  attending  phenomena,  and  the  special  peculiarities  of  the 
storms  in  difSrent  parts  of  the  Caucasus,  and  discussing  the  theo- 
ries of  the  ori^  of  haiL    Prof.  Abich  is  an  eminent  geologist  as 
veil  as  physicist,  and  has  here  made  the  most  important  contribu- 
tion to  the  science  of  hail  that  has  appeared.     Of  the  fibres  of 
bailstones,  those  of  plates  2  and  3  are  of  very  remarkable  form. 
Most  of  them  have  a  central  portion,  1^  to  1^  inches  in  diameter, 
radiated  outward  in  structure,  but  divided  into  six  ^egaieiiX^  Vj 
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radiating  planes ;  and  over  the  exterior  large  angular  prismatic 
cryRtals  stand  out  that  are  half  an  inch  and  larger  in  diameter, 
and  in  some  eases  an  inch  or  more  long. 

6.  Die  WirbeUtUrme^  Tornadoe9  uml  WettersaUlen  in  der  JErd- 
Atmosphiirey  tnit  JBerUcksic/Uigung  der  StUrme  in  der  Sonnen- 
Atmosphdre ;  daraestellt  und  wUsenavhafUich  erkldrt  von  Dr. 
Theodou  Uete,  Profl  Univ.  Strasburg.  248  pp.  8vo,  with  4 
storm-charts  aud  30  woodcuts  and  lithographs.  Hanover.  1872. 
(Carl  liUmpler.) — In  this  work  Professor  Reye  has  treated  the 
subject  of  whirlwinds,  tornadoes  and  waterspouts  with  great  fulr 
ness  and  system.  He  presents  the  facts  at  len^h,  discusses  freely 
the  various  theones,  and  gives  the  practical  rules  which  flow  from 
the  observations  hitherto  made.  Hie  does  full  justice  to  Redfield^s 
views  and  observations,  quotes  largely  from  his  papers,  copying 
some  of  his  charts ;  and  also  cites  freely  from  the  papers  of  Pro- 
fessor Loomis,  Reid  and  Piddington,  and  from  various  European 
sources.  He  adopts  the  idea  of  cyclones,  and  illustrates  the  earth's 
cyclones  by  descriptions,  and  a  line  plate  illustrating  the  cyclones 
in  the  sun^s  atmosphere.  The  frontispiece  of  the  work  is  a  copy 
of  Olmsted's  plate  of  ^^  Whirlwinds  from  the  burning  of  a  cane- 
brake,"  from  II,  vol.  xi,  of  this  Journal  (1861).  The  work  closes 
with  a  list  of  books  aud  articles  on  the  subject  of  which  it  treats. 

7.  American  Journal  of  Gonchology  ;  Gsobqe  W.  Tbyox,  Jr., 
Editor. — The  cover  of  the  4th  number  of  vol.  viL  announces  that 
the  publication  of  this  journal  will  be  therewith  discontinued. 
It  has  done  good  service  both  to  zodlogy  and  geology,  and  we 
greatly  regret  for  the  sake  of  American  science  that  it  cannot  be 
sustained.  The  last  number,  like  very  many  of  those  preceding  it, 
contains  excellent  colored  plates  of  shells ;  in  this  case  illustratioff 
an  article  by  A.  J.  Garrett  of  Tahiti,  on  Feejee  fresh  water  and 
terrestrial  gaateropods.  The  papers  hereafter  presented  will  be 
published  by  the  Academy  of  Natural  Sciences,  to  whose  concho- 
logical  committee  its  subscription  list  has  been  transferred. 

8.  Notee  sur  lee  IVemblemerUe  de  Terre  en  1869,  avec  Supple- 
menta  pour  Us  annies  ant&rieures  de  1843  d  1868,  par  M.  Alexis 
Perbev,  Prof  Hon.  k  la  Faculty  des  Sciences  de  Dijon.  From 
Mem.  Cour.  of  the  Belgian  Academy  for  1872. — Pro£  Perrey,  th« 
indefatigable  investigator  of  earthquakes,  here  gives  a  review  of 
the  facts  connected  with  the  earthquakes  of  1869,  besides  adding 
to  his  collection  of  facts  pertaining  to  previous  years. 

9.  Half-Hour  Hecreations  in  Science^  published  in  numbers  of 
20  to  60  pages,  by  Lee  &  Shepard,  Boston.  Price  of  each,  26  ct& 
— The  first  number  of  the  series  contains  Proctor's  excellent  paper 
on  "  Strange  Discoveries  respecting  the  Aurora  and  Recent  Solar 
Researches,  and  the  second  is  an  instructive  lecture  by  Prol  R  Vir- 
chow  on  "The  Cranial  Affinities  of  Man  and  the  Ape,  The 
others  out,  or  announced  as  in  progress,  are  of  equal  interest,  and 
give  full  assurance  that  the  series  will  be  a  valuable  addition  to 
any  library.     The  paper  and  printing  are  excellent. 
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Art.  'X^TTT. — On  ffie  Evaporative  Effidervcy  of  Steam  Boilers  ;  by 
Wm.  p.  Trowbridge,  Professor  of  Dynamic  Engineering 
in  the  Sheffield  Scientific  School. 

Transfer  of  heai, — ^The  quantity  of  water  which  a  steam 
boiler  apparatus  will  evaporate  in  a  given  time  depends 
primarily  upon  the  temperatures  to  which  those  parts  of  the 
plates  of  the  boiler,  known  as  heating  surfeces,  are  exposed.  In 
the  furnace,  the  heating  surface  is  exposed  to  the  radiant  heat  of 
the  incandescent  fuel,  and  to  the  contact  of  the  heated  gases ; 
and  in  the  flues  to  the  contact  of  the  gaseous  products  of  com- 
bustion alone.  The  temperature  of  the  fuel,  and  the  initial 
temperature  of  the  gases,  depend  on  the  intensity  of  the  com- 
bustion, or  the  quantity  of  fuel  burned  on  each  square  foot  of 
grate  surface  in  a  unit  of  time,  and  also  on  the  kind  of  com- 
Dustion  which  takes  place :  perfect  combustion^  in  this  connection, 
designating  that  in  which  no  combustible  gases  or  uncombined 
oxygen  escape  to  the  chimney.  This  condition  is  presumed 
to  eive  rise  to  the  highest  possible  temperatures  in  the  residue 
of  rael,  and  in  the  escaping  products. 

The  quantity  of  fuel  burned,  the  constitution  of  the  escaping 
gases,  and  the  resulting  temperatures,  depend  on  the  following 
conditions : 

1.  The  quantity  of  air  which  passes  through  the  furnace  in  a 
unit  of  time. 

2.  The  amount  of  surfiace  of  the  fuel  with  which  this  air 
comes  in  contact 

The  quantity  of  heat  transferred  to  the  water  within  the 

boiler  will   then  depend  on   the  amount  of  heating  surface 
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t:xi«:^?ei  to  •i'.rec:  n-.liirloi..  •'.e  aniount  of  heating  sarface 
ex!:r*sei  ;o  tiie  v\.>ii;av:;  «.>:  i:.e  g;:iS4c»,  una  iLe  <uu:4  ot  absorption 
or  r-'jJi^.vr  t/Viftz/  uiider  these  condirloiis. 

Tie  i:^^^!.^:;*-  oi  air  supp  lieu  to  the  :i:niaee,  in  a  unit  of  time, 
deiTrnIs  ujvn  the  chimney,  or  other  app^nituf  for  producing 
the  'inLit  and  the  surface  oi  contact  of  air  and  fuel ;  upon 
the  kini  of  fi;el-  size  of  lurtift?,  thicki;esc  of  bed,  etc  There 
are  other  eor*d:rlons  which  innuesce  the  evaporative  efficiencj 
cf  :-:»iIer5*  when  the  M'tal  hea;  of  combustion  is  to  be  compared 
with  the  quantity  of  heat  transferred  to  the  water ;  such  as  the 
losses  frosa  imperect  combustion,  'ii^asion  of  heat,  escape  of 
hea:  :hrv*igh  the  chimney,  etc.  making  an  aggregate  of  losses 
which  must  be  estimated. 

The  following  general  discussion  of  the  problems  involved  is 
given,  as  su^^es^n^  a  mode  of  investigarlon  which  may  lead  to 
rj.ore  sarlsfaotory  experiments  on  the  laws  o:  transfer  of  heat 

Let  Q  re:  resent  the  quantity  of  heat  transferred  to  the  water 
of  the  Keller  in  a  unit  of  time,  one  hv^ur  for  instance. 

Q ,  the  portion  of  this  hea:  which  is  transierred  by  radiation 
A ..  •  .^e  .  «*^  »«ace. 

vj.  thj:  vi^r:  which  is  tiansferred  by  contact  of  heated  gases 

Q,  the  ':^an  which  is  tTansferrei  by  orntaot  of  heated  gases 
:n  :ne  r.ne^ 

Then  Q  =  Q,^Q,*Q,. 

In  ::;;<  express:on,  tne  nr?:  memrer  may  be  regarded  as 
known.  Iwauso  it  may  be  es^'.y  ascertained  by  experiment 
Of  the  tonr.s  of  the  mxvu.I  member.  Q  re:  resents  the  quantity 
cf  hoa:  iransforrtyl  by  n*iiis::cn  from  the  suriaoe  of  the  fiieL 

Accor.iir.jr  to  t V.e  '.aws  of  Dulon^:  and  Petit,  this  quantity  may 

Q,=:,\G  =  C  .r  r-1  .\G. 

in  which  c  rvi^rcsc::*.^?  the  o.:ant::v  .^f  hea:  tnnsferred  bv 
raiiaticr.  :rv^m  one  2V.|v.are  f.v^t  cf  pate  surfioe  in  a  noit  of 
lime*  G  the  ^rate  suraoe  in  5i^*.:.*.re  ft-en  C  a  .vn5t.\nt.  <j=l'0077. 
#  lemss^nts  the  :o::::vrature  cf  the  ab>:rren:  r->iv.  or  the  water 
a  toe  K'^i^r  a  ccnstA:*:  wh-ch  :niy  be  .ie:ermine«i  by  obser- 
i\  and  :  the  Aiiforcn:-o  :v:'.vet*n  th:<  temrerature  and  the 

the  'iw  of  t^5i::^for  cf  hrv.:  Vv  o:-.:ic:  of  gases^  given  by 
Dckxic  ar.A  Petit,  we  shA^.  h^ve 

F  xe5«et»n.t:n4:  in  square  fiv:  :hc  fv.r^r.ce  snr'ace.  C'/i'"' 
^qisaciity  of  h«t  tra::s:Vr:\v.  Vv  ccvts.*:  :f  the  gases  in  the 
■^  in  a  unit  of  time ;  :n  whuh  :   n  yresents  the  differenceof 

l«wwn  the  a^asics  in  the  fnmace.  and  the  tern- 
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perature,  0^  of  the  water  in  the  boiler ;  this  difference  being 
constant  for  the  whole  furnace  surface.  It  is  presumed  that  the 
law  of  Dulong  and  Petit  for  the  cooling  of  bodies  by  contact  of  a 
cooler  gas  is  also  the  law  of  heating  by  a  hot  gas ;  the  side  on 
which  the  excess  of  temperature  exists  being  a  matter  of 
indiflFerenca 

For  the  transfer  of  heat  by  contact  in  the  flues,  the  applica- 
tion of  the  law  renders  it  necessary  to  take  into  account  the 
diminution  of  temperature,  from  the  initial  temperature  /,  to 
the  temperature  t^^  of  the  gases,  as  they  leave  the  nues  and  pass 
into  the  chimney. 

Let  the  combmed  flue  surfaces  be  represented  by  a  single 

cvlindrical  sur&ce  in 
the  form  of  a  tube,  as 
in  the  figure  below, 
and  assume  two  coor- 
dinate axes,  one  in 
the  axis  of  the  tube 
and  the  other  perpen- 
dicular to  it ;  ana  let 
<,  be  the  difference  of 
temperature  of  the 
gases  and  the  water 
outside  of  the  tube, 
at  the  entrance,  and 
t^  the  corresponding  difference  of  temperature  at  the  exit  of 
the  gases. 

Let  q  represent  the  quantity  of  heat  transferred  in  a  unit  of 
time  (one  nour)  at  any  point  of  the  tube  from  one  unit  (square 
foot)  of  surfaca  When  a  boiler  is  at  work  the  temperature  of 
the  gases  at  any  point,  or  of  the  plates  in  contact  with  the  gases, 
may  be  r^araea  as  constant,  and  it  will  not,  therefore,  be 
necessary  to  regard  the  conductivity  of  the  plates ;  this  being 
necessary  only  when  the  surfaces  of  the  plates  undergo  a  change 
of  temperature,  as  in  getting  up  steam. 

K  the  heating  surface  represented  by  the  surface  of  the  tube 
be  divided  into  elementary  portions  by  planes  perpendicular  to 
the  axis,  the  element  of  the  surface  between  two  planes  may  be 
represented  by  rf^,  and  the  quantity  of  heat  transferred  by 
contact  through  the  element  will  be  represented  hj  qds. 

If  we  represent  by  c  the  specific  heat  of  the  gases,  by  W  the 
weight  of  gas  which  passes  the  element  (fo,  in  a  unit  of  time, 
(one  hour),  and  by  eft  the  element  of  time  ;  it  is  evident  that 
the  cooling  of  the  ^as  in  the  time  d  t  will  be  c  W  d  ^  expressed 
in  units  of  heat  and  this  quantity  must  be  equivalent  to  that 
received  or  absorbed  by  tne  water,  represented  above  hj  qds: 
a  relation  expressed  by  the  equation : 
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Qd8=cW dt        from  which         ds= • 

Introducing  now  the   law  of  Dnlong  and  Petit,  by  sub- 
stituting for  q  its  equivalent  C  t''* ' ',  the  expression  becomes 

,      cWdt                 ^^             ds     t'^-'^^dt. 
as^ or  _____= — 

C'.t'*''  cW  C 

Integrating  between  the  limits  /i  and  <,  we  obtain 

from  which  the  value  of  /,  mav  be  obtained. 


In  this  expression  S  represents  the  whole  heating  surface  of 
the  boiler,  or  the  surface  of  the  tube,  a  known  quantity ;  i^  may 
be  ascertained  by  observation  with  a  common  thermometer. 
But  no  accurate  mode  of  ascertaining  ti  bv  observation  has 
yet  been  found,  and  hence  the  necessity  of  this  mode  of  deter- 
mination. 

In  the  second  member  of  the  equation  the  undetermined 
quantities  are  W  and  C,  the  first  representing  the  weight  of 
gas  which  passes  through  the  furnace  in  an  hour,  and  the 
second  the  constant  C  of  the  formula  of  Dulong  and  Petit 

If  W  be  taken  on  the  assumption,  generally  acquiesced  in,  that 
in  ordinary  boilers  the  quantity  of  air  which  passes  through  the 
furnace  is  just  double  the  quantity  necessary  for  perfect  com- 
bustion, and  we  assume  for  C'  the  value  given  by  Mr.  Hopkins 
for  carbonic  acid  gas,  the  value  of  ^  is  completely  determined ; 
and  to  find  the  initial  temperature  of  the  gases,  it  will  be  only 
necessary  to  observe,  with  the  aid  of  a  common  thermometer, 
the  temperature  of  the  gases  at  their  exit  from  the  tube  or 
boiler.  Having  found  ^,  the  quantity  of  heat  transferred  by 
contact  of  the  gases,  in  the  flues,  to  the  water,  will  be 
represented  by 

The  value  of  Q  then  becomes 

Q=C .  ae.  {a'-l) .  G-f  F.  G\  ^  »'» '»  +  c  W  (^-i,). 

in  which  all  the  terms  become  known,  except  the  first  term  of 
the  second  member. 

The  value  of  the  expression  GxC.  a^(tt'--l)  being  thus 
determined,  the  separate  influence  of  the  radiant  heat  of  the 
furnace  becomes  known,  and  the  value  of  t,  the  difference  of  the 
temperature  between  the  fuel  and  the  water,  may,  by  the  aid  of 
Hopkins*  value  of  C,  be  ascertained. 
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lesuming  the  expression  — -=-  =  — — — ,  if  we  suppose  the 

e  to  be  extended  indefinitely  and  the  gases  to  be  forced 
Dugh  the  tube  by  some  extraneous  pressure,  the  difierence 
ween  the  temperature  of  the  gas  within  the  tube  and  the 
ter  would  ultimately  become  zero. 

utegrating  the  above  expression  between  the  limits  ^  and  ^ 
should  obtain  an  expression  by  which  the  relations  of  t  and 
and  of  q  and  S .  become  known,     tj  the  difierence  of  tem- 

ature  at  any  point,  will  be  <=C"- —    and  ^=0'''- — 

g4.3  g5.3 

lations  which  indicate  the  form  of  curve  of  temperatures 
ng  the  axis  of  the  tube,  and  also  the  form  of  curve  of 
issions  of  heat  along  the  axis.  It  is  evident  that  these 
ves  approach  the  axis  rapidly.  The  constants  C"  and  C" 
olve  both  c  W  and  the  constants  of  the  law  of  Duloug  and 
Atj  and  the  curves  may  therefore  be  constructed  by  assuming 
se  as  befora 

Jnfortunately,  however,  it  is  not  probable  that  either  of 
se  quantities  can  be  assumed  in  the  present  state  of  knowl- 
je  of  the  action  of  chimneys,  the  combustion  of  fuel,  and 

phenomena  of  transfer  of  heat  It  is  certain  that  the 
umption  of  twice  the  quantity  of  air  necessary  for  com- 
jtion  is  not  a  universal  law.  And  in  regard  to  the  constants 
the  formulas  of  Dulong  and  Petit,  it  can  hardly  be  said  that 
y  have  been  completely  determined  or  interpreted.  The 
intity  of  heat  transferred  by  contact  of  a  gas  depends  on  the 
de  or  rate  at  which  the  gas  is  supplied  to,  or  removed  from, 

surface  to  be  heated  or  cooled.  This  is  the  principal 
ment  in  the  problem.  It  seems  evident  that,  according  to 
present  state  of  knowledge  of  the  conductivity  of  gases,  neat 
st  be  transferred  with  excessive  slowness,  unless  currents  are 
iblished  in  order  to  bring  fresh  particles  of  gas  in  contact 
h  the  surface  to  be  heated  or  cooled  each  instant 
5y  making  use  of  an  apparatus  like  the  steam  boiler  it  may 
possible  to  determine  these  constants,  as  well  as  the  quantity 
*,  for  different  dimensiotis  of  chimnevs  or  force  of  draft, 
3kness  of  bed  of  fuel,  etc.  It  would  oe  necessary  to  make 
)eriments  under  such  conditions  that  some  of  the  quantities 
lid  be  eliminated,  as,  for  instance,  the  initial  temperature.    If 

same  chimney  be  employed  with  the  same  kind  of  fuel, 
ckness  of  fuel  on  the  grate",  and  under  the  same  general  con- 
ions  of  barometer  and  thermometer,  the  initial  temperatures 
ist  be  the  same,  and,  by  properly  varying  the  heating  surface, 
Ferent  values  of  the  final  temperatures  might  be  obtained 
1  observed.     The  quantity  of  air  used  being  measured,  the 
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law  of  change  of  temperature,  or  of  transfer  of  heat,  might  then 
be  ascertained  for  the  flues  and  for  the  fiimace  separately. 

If  the  laws  of  Dulong  and  Petit  be  true  for  high  temperatures, 
it  is  apparent  that  the  influence  of  the  furnace  at  nigh  tem- 
peratures must  preponderate.  Under  any  circumstances,  it 
seems  impossible  to  find  a  scientific  solution  of  the  important 
problem  of  efficiency  of  boilers  in  the  generation  and  transfer 
of  heat,  until  these  questions  are  solved. 

The  laws  of  Dulong  and  Petit  have  not  been  verified  for  high 
temperatures.  At  very  low  temperatures  the  quantity  of  heat 
transferred  by  contact  of  a  gas  and  by  radiation,  according  to 
these  laws,  will  be  nearly  identical,  and  the  higher  the  tem- 
perature the  greater  becomes  the  difference  in  the  effects. 

Common  observation  shows  that  to  heat  or  cool  a  body 
rapidly  by  contact  of  a  gas,  the  gas  must  be  supplied  and 
removed  rapidly.  It  seems  improbable,  therefore,  that  there 
can  be  any  general  expression  tor  the  quantity  of  heat  trans- 
ferred in  this  manner  which  does  not  involve  tnis  idea  in  some 
other  way  than  by  the  constants  which  have  been  adoptecL 

The  mode  of  determining  the  initial  temperatures  of  the  fiir- 
nace  and  gaseous  products  of  combustion  generally  employed, 
up  to  the  present  time,  has  been  to  assume,  from  the  partial  ex- 
periments of  Pfelet  and  others,  that  half  the  heat  of  combustion 
IS  usually  imparted  to  the  gases,  while  half  passes  off  as  radiant 
heat,  and  then  to  estimate  the  temperatures  on  the  further 
assumption  that  a  definite  known  amount  of  air  passes  through 
the  fimiace  for  each  pound  of  co;il  burned.  From  the  nature 
and  phenomena  of  combustion  it  can  hardly  be  supposed  that 
any  such  law  as  that  assumed  by  Peclet  can  be  universally  trua 
Tlie  temperature  of  the  residue  of  the  solid  combustible  must 
depend  on  the  special  circumstances  of  combustion  in  each 
case,  and  especially  on  the  law  of  radiation,  at  different  tem- 
peraturesL 

If  it  were  possible  to  obser\'e  accurately  the  temperatures  of 
furnaces  and  flues,  the  solution  of  all  these  questions  would  be 
greatly  simplified;  and  the  discovery  most  needed  to  advance 
this  branch  of  physical  research  is  a  thermometer  for   deter- 
mining high    temperatures.     The  only  method   available  at 
present  seems  to  be  that  of  going  back  from  a  temperature 
which  falls  within  the  range  of  ordinary  thermometers  to  the 
linitial   temperatures,   by  analysis.     And   the  mode  of  inves- 
rtigation  herein  suggested  is  offered  as  one  which  apparently 
!  conforms  to  known  or  acceptei  laws,  and  di:>es   not   require 
doubtful  assumptions.     Whether  the  laws  of  Dulong  and  Petit 
••^  true  for  all  differences  of  temj>erature,  and  whether  these 

telav  not  be  revised  s  >  as  to  involve  directly  the  dynamic 
of  heat   are  questions  which  such  investigation  may 
•  solve. 
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The  complete  expression  for  the  total  heat  of  combustion  of 
fuel  in  the  ooiler  will  be 

E=Q+E, 

=Q.+Q,+Q,+Q4+Q5 

in  which  Q^  represents  the  heat  in  the  gases  after  they  leave 
the  flues  represented  by  c  W  (<a~"^o)i  ^^^  Q«  ^^^  losses  from 
external  radiation,  incomplete  combustion,  etc.,  which  can  only 
be  estimated. 


Art.  XIV. — Description  of  two  new  Land  Snails  Jrom  the  Goal- 

measures ;  by  F.  H.  Bradley. 

In  the  summer  of  1869,  I  found  that  the  concretionary  lime- 
stone accompanying  the  underclay  of  coal  No.  6  of  the  Wabash 
Valley  section  (see  Illinois  Eep.,  iv,  254),  at  Pettys's  Ford  of  the 
Little  Vermilion  river,  below  Georgetown,  Vermilion  county, 
Illinois,  contained  numerous  minute  shells.  (A  small  fragment 
of  fish-bone  is  the  only  other  fossil  yet  found  in  it)  A  Pupa 
was  readilv  recognized,  and,  from  its  outline  alone,  referred  to 
P.  vetusta  I)awson.  The  other  of  the  two  species  was  doubt- 
fully referred  to  Zonites.  Later,  in  cleaning  out  the  mouths  of 
some  individuals,  a  distinct  tooth  was  found  on  the  columella 
of  the  Pupa^  and  a  broad  lamellar  extension  of  the  columella 
of  the  so-called  2!oniles,  The  Pupa  was  evidently  not#P.  velusta  ; 
and  the  correction  was  sent  to  Prof  Worthen,  but  was  over- 
looked when  my  report  on  the  county  was  printed.  Upon 
showing  the  so-called  Zonites^  in  its  cleaned  condition,  to  Mr. 
F.  B.  Meek,  he  at  once  recognized  it  as  congeneric  with 
a  minute  species,  Anomphalus  rotulus,  described  bv  Meek 
and  Worthen  from  Macoupin  Co.,  Illinois  (Proc.  PhiL  Acad., 
1866,  p.  268).  They  refer  the  genus  to  the  Rotellidae  :  I  am 
rather  inclined  to  refer  it  to  the  Helicidse. 

I  append  descriptions  and  figures. 

Pupa  Vermilionensisj  n.  sp.,  Fig.  1. 

Shell  imperforate,  spindle-shaped,  tapering  to  an  obtuse  apex, 
covered  with  fine  ridges  (25  or  80  to  the  millimeter)  parallel 
with  the  lines  of  growth.     Aperture  oblique,  oval,  rarely  com- 
pressed    Outer  lip  thin,  slightly  reflexed.     Colu- 
mellar  lip  reflexed,  thickened,  furnished  with  a       ^-       _p- 
single  central  tooth  projecting  about  4"".    June-      ^    ^|^ 
tion  of  columellar  and  outer  lips  sometimes  angu-      |P     ^ij|^ 
lar  and  slightly  dentiform,     in  old  individuals, 
the  columellar  tooth  is  often  continuous  through  an  entire  turn 
or  farther — not  seen  on  shells  having  less  than  three  turns. 
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Adult  shells  consist  of  five  or  six  turns.  Last  turn  forms  nearly 
half  of  the  shell.  Turns  rounded.  Suture  impressed.  Surface 
glossy.     Color  bluish  black. 

Total  length,  8-6°^. ;  width,  2°^". 

Anomphalus  Meeki^  n.  sp.,  Fig.  2. 

Shell  broad,  depressed,  helicoid ;  spine  obtuse,  consisting  of 
8  or  8i  turns.  Surface  glossy,  nearly  smooth,  showing,  under 
a  lens,  fine  oblique  lines  of  growth  too  indistinct  and  irregnlar 
to  be  counted,  perhaps  fifteen  to  the  millimeter.  Aperture 
oblique,  oval,  greatly  contracted  by  a  broad  lamellar  expansion 
of  the  columella  extending  more  than  half  way  across,  even  in 
small  individuals.  Outer  lip  thickened,  slightly  refiexed 
Suture  slightly  impressed.  Each  turn  including  only  about 
half  of  the  preceding  one,  thus  distinguishing  the  species  from 
A,  rotulusj  tne  type  of  the  genus.  Imperforate,  but  last  turn 
slightly  excavated  in  the  umbilical  region.  Last  turn  more 
than  half  of  the  shell. 

Total  length,  8*2™. ;  width,  4°^. 


Art.  XV. — On  Glacial  Phenomena  in  the  vicinity  of  New  York 

City ;  by  R  P.  Stevens,  M.D. 

The  evidences  of  a  glacier  once  moving  over  the  island  of 
New  York  are  of  three  classes :  1st,  The  grooves  or  striae,  and 
other  results  of  the  abrasion  of  the  rocks  of  the  island,  wherever 
they  are  visible.  2nd,  The  mantle  of  drift  which  partially  con- 
ceals the  rocks.  3rd,  Facts  observed  over  the  hills  of  the 
neighboring  island  of  Long  Island.  All  the  evidences  of  the 
first  class  snow  that  the  movement  and  agencies  causing  them 
proceeded  from  the  northwest  toward  the  southeast.  I  have 
made  many  examinations  and  measurements,  from  one  end  of 
the  island  to  the  other,  and  have  never  found  any  single  in- 
stance to  the  contrary.  My  observations  have  also  extended 
to  Staten  Island,  New  Jersey,  and  northwestward  to  the  Dela- 
ware river,  and  up  the  Hudson  river  on  both  shores — and  also 
over  on  the  Highlands  and  mountains  separating  New  York 
State  from  the  States  of  Connecticut  and  Massachusetts.  All 
my  observations  show  the  same  general  direction. 

Since  commencing  this  paper  I  have  made  many  observations 
in  the  Central  Park,  and  find  the  range  to  be  from  N.  20°  W. 
to  N.  30^  W.,  or  S.  20°  E.  to  S.  30°  E.  Prof  Cooke,  in  his  re- 
port on  the  Geological  Survey  of  New  Jersey,  found  all  his 
measurements  on  the  Palisades  west  of  the  Hudson  river  and 
onposite  New  York  to  lie  between  N.  20°  W.  and  N.  76^*  W. 
The  glacier,  then,  moved  from  the  N.W.,  as  Prof.  Dana  has 
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demonstrated  it  did  in  New  England.  Following  this  north- 
west direction  from  this  island  over  the  Highland  range  of 
''Archaean  "  rocks  at  the  Eamapo  Gap,  N.  Y.,  we  find  the  same 
general  evidence  that  we  do  elsewhere  eastward.  The  same 
evidences  can  be  seen  in  the  Pompton  Gap,  Dover,  and  at  Lake 
Hopatcong,  N.  J. 

Some  years  aco  I  traversed  the  heights  from  this  lake  to 
West  Point  on  Sie  Hudson,  and  everywhere  the  evidence  of 
some  agent  moving  southeastward  over  them,  rounding  their 
summits,  stossing  them  on  their  western  slopes,  was  always  pres- 
ent before  ma  The  sum  of  all  this  evidence  confirms  rrof 
Dana's  theory  of  a  glacial  plateau  on  the  highlands  of  Canada. 

The  second  class  of  evidence — the  material  composing  the 
mantle  of  drift — always  shows  it  to  have  been  transported  from 
the  northwest  Both  on  this  island  and  Long  Island  the  material 
is  from  rocks  known  to  lie  to  the  northwestward.  Thus  on  the 
island  we  find  boulders  and  huge  masses  of  the  serpentine  and 
trap  rocks  of  New  Jersey  blended  with  the  red  sand  rock  of  the 
same  State.  In  Brooklyn  on  Lone  Island  we  find,  in  addition 
to  the  rocks  of  New  Jersey,  those  &om  New  York  island  blen- 
ded with  the  others.  I  have  seen  huge  masses  of  anthophylite 
in  Atlantic  street,  Brooklyn,  which  must  have  come  from  the 
parent  bed  of  this  rock  on  10th  Avenue  and  from  West  50th 
to  West  60th  street  Careful  measurement  of  the  direction  of 
the  movement  which  must  have  transported  these  rocks  shows 
it  to  have  been  from  N.  lO""  W.  to  S.  10°  E.  This  course  tallies 
with  measurements  made  on  the  palisades  by  Prof  Cooke.  The 
agency  which  threw  this  mantle  over  the  island  had  power  to 
take  up  and  transport  immense  masses  of  red  sandstone  hoxa 
New  Jersey  to  New  York  and  Long  Island.  Many  blocks  in 
the  city,  as  at  East  78d,  East  74th,  East  75th,  anci  East  76th 
streets,  Third  avenue,  N.  Y.,  lying  beneath  the  surface  soil,  are 
four,  six,  and  eight  feet  thick,  giving  in  the  excavations  an  ap- 
pearance of  being  independent  red  aeposits  in  the  drift 

The  third  class  of  evidence  is  the  immense  drift  deposits  on 
Long  Island.  These  stretch  from  Oyster  Bay  S.  60°  W.  to 
Fort  Hamilton,  and  over  to  Staten  Island.  Was  not  this  ridge 
a  terminal  moraine?  Through  this  moraine  the  Hudson  river 
breaks  at  the  Narrows  at  almost  right  angles  to  the  trend  of 
the  Hudson  valley. 

The  material  composing  this  moraine  is  made  up  of  detritus 
from  New  Jersey  and  Manhattan  Island.  Boulders  of  trap, 
and  gneiss  and  granite  cover  all  the  surface  east  as  far  as  Oyster 
Bay.  The  shore  of  Long  Island  between  Oyster  Bay  and  Smith- 
town  I  have  not  visited.  At  the  latter  point,  and  along  the 
Long  Island  railroad,  beyond  Brushville,  there  is  an  absence  of 
all  kinds  of  boulders.  Underneath  the  surface  the  land  is  full 
of  bouldera  of  trap  and  gneiss  through  all  the  moraine. 
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On  this  island  I  have  never  seen  any  boulders  of  fossiliferoos 
rock.  They  have,  however,  been  seen  by  others.  On  the  Jersey 
side  I  have  seen  them  from  the  Corniferous  limestone  of  tile 
Roundout  valley.  Now,  as  this  rock  is  not  seen  in  the  lower 
end  of  the  Roundout  valley,  i  a,  the  northeast  end,  but  in  the 
southwest  on  the  Neversink  portion — we  have  in  this  instance 
further  evidence  of  a  movement  from  the  northwest  Under 
this  class  of  evidence  we  may  notice  the  boulders  of  granular 
gneiss  from  Archaean  rocks  of  the  Highlands,  which  I  have 
found  as  far  east  as  East  New  York. 

On  the  island  of  New  York,  in  the  deep  excavations  for  sub- 
cellars  for  blocks  of  buildings,  we  often  find  modified  drift, 
to  the  depth  of  twenty  to  thirty  feet,  entirely  composed  of  clean 
washed  sands— derived  from  the  sandstones  of  New  Jersey. 

New  York,  24  Rne  St,  June  17,  1872. 


Art.  XVL — ContribiUions  from  the  Laboratory  of  the  Sheffidi 
Scientific  School  No.  XXIV. — On  the  Estimation  o/Suq^hw 
in  Coal  and  Organic  Compounds ;   by  W.  Q.  MlXTER. 

The  determination  of  sulphur  in  organic  substances  by  many 
of  the  methods  in  use  is  not  only  a  diflScult  and  tedious  operation, 
but  the  amount  of  fixed  reagents  often  employed  greatly  in- 
creases the  liability  to  error.  In  the  process  here  described,  sub- 
stances are  burned  in  oxygen  and  the  sulphur  is  condensed 
from  the  gaseous  products  in  the  form  of  sulphuric  acid. 

Experiments  made  by  passing  the  products  of  combustion  of 
sulphur-compounds  through  nitric  acid  failed  to  give  satisfactory 
results.  A  variable  loss  was  due  to  a  dense  white  lume  containing 
sulphuric  acid,  which  was  not  completely  absorbed  by  water  or 
by  caustic  alkalies.  The  apparatus  here  described  was  designed 
for  making  the  combustions  in  a  confined  volume  of  gas,  to 
avoid  this  source  of  error.  The  bottle  («),  see  figure,  has  ft 
capacity  of  from  4  to  10  litres,  according  to  the  amount  of  oxy- 
gen required.  The  neck  should  be  large  enough  for  a  stopper 
85  to  40  mm.  in  diameter.  The  condenser  b  is  made  of  ratner 
thin  tubing  14  mm.  in  diameter ;  at  the  upper  end  it  is  ex- 
panded to  a  bulb  in  order  to  admit  some  motion  to  the  tube 
c  d.  Below  the  bulb  it  is  surrounded  by  a  water-jacket  22  cm. 
high :  from  the  point  where  it  enters  the  stopper  of  the  bottle  it 
is  narrowed  somewhat  for  convenience  of  fitting.  The  combus- 
tion tube  c  d  is  made  of  hard  glass  of  12-15  mm.  internal  dia- 
meter ;  the  portion  c  is  18  cm.  from  curve  to  curve,  and  is  pro- 
tected by  a  sheet-iron  trough  lined  with  asbestos ;  the  part  d  is 
from  35  to  45  cm.  in  length.     The  wire  attached  at  Zis  to  sustain 
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e  in  case  d  breaks ;  c  is  joined  to  i  by  a  collar  of  black-rubber. 
The  TJ-tnbe  e  is  connected  with  d  by  a  rubber  collar  drawn  over 
the  latter  at  k ;  this  U-tube  is  slightly  inclined,  that  oo  liquid 
may  ran  againstthe  rubber  connectors.  The  tube  /  connects 
a  with  e;  it  is  narrowed  at  both  ends  to  10  mm.  diameter, 
Near  the  upper  end  it  is  jointed  by  a  piece  of  black-rubber 


tabing  in  order  that  the  apparatus  may  be  easily  disconnected 
at  k.  The  ends  of/ extend  2  cm.  or  more  beyond  the  stoppers. 
Through  the  rubber  stopper  i  a  small  glass  tube  passed  beyond 
4e  end  of/  where  it  is  narrowed  to  an  openmg  of  1  mm. 
The  double  "bulb  tube  y  is  to  accommodate  variiitions  of  pres- 
sure, and  to  admit  air  as  the  original  volume  of  gas  diminishes 
during  the  combustion.  The  tubes  b,  c,  d  and  /  should  at  no 
point  have  an  internal  diameter  less  than  8  mm. — 10  mm.  is 
preferable — and  the  narniwed  ends  should  be  cut  obliquely  that 
aropa  of  water  may  not  obstruct  the  circulation.  The  rubber 
■toppers  and  connections  should  be  freed  from  adhering  sul- 
phur by  heating  in  a  solution  of  sodium  hydrate.     The  joints 
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of  the  apparatus  are  sufficiently  tight  when  water  will  stand  in 
one  limo  of  the  safety  tuba 

The  bottle  a  is  filled  over  water  with  oxygen,  and,  if  necessaijf 
rinsed  with  distilled  water ;  a  few  drops  of  bromine  are  poured 
in,  the  tubes  adjusted  and  a  slow  stream  of  water  made  to  flow 
through  the  water-jacket.  The  assay,  if  not  volatile,  is  intro- 
duced into  the  tube  din  a  platinum  tray*,  which  should  notfiH 
more  than  half  the  bore  of  d,  leaving  space  enough  for  the  free 
circulation  of  the  oxygen.  The  parte  is  gradual!}^  heated  and 
kept  hot  during  the  combustion.  This  hot  inclined  tube  acta 
as  a  chimney ;  the  heated  gases  rise  in  it,  pass  into  the  cold 
tube  h  and  fall,  thus  causing  a  constant  stream  of  gas  to  pass 
over  the  assay.  It  is  important  to  ignite  the  assay  withoat 
distilling  off  any  considerable  portion.  To  do  this  a  small  splinter 
of  wood  may  be  placed  in  contact  with  that  part  of  the  sub- 
stance nearest  Z,  or  that  end  of  the  tray  may  hold  a  thin  layer  of 
the  assay,  which  is  heated  as  rapidly  as  safety  allows  by  a  lamp 
held  in  the  hand.  To  ensure  a  full  supply  of  gas  in  the  tube  a 
at  the  commencement  of  the  combustion,  oxygen  is  passed  fiom 
a  gasometer  through  the  tube  i  till  the  white  fume  which 
appears  in  the  condenser  h  passes  into  a.  The  products  of  com- 
bustion being  denser  fall  to  the  bottom  of  the  bottle,  and  for  a 
while  displace  the  oxygen,  thus  increasing  the  circulatioa 
After  the  substance  is  ignited,  the  fire  passes  to  the  other  end 
of  the  tray.  The  part  of  the  tube  about  the  tray  is  heated  by 
a  lamp  as  is  required  to  keep  up  the  combustion.  At  the  end 
of  the  operation  the  heat  is  increased.  If  drops  of  liquid 
collect  in  c,  and  are  liable  to  run  down  to  the  hotter  parts  of  the 
tube,  they  should  be  driven  off  by  heat  If  carbonic  acid  be 
the  principal  product  of  the  combustion,  there 'is  little  change  in 
the  volume  of  gases  in  the  apparatus;  but  if  water  and  sul- 
phuric acid  are  formed  in  much  quantity,  the  volume  is  dimin- 
ished and  air  enters  through  the  safety  tube. 

Most  solid  substances  heated  alone  in  the  open  tray  yield 
volatile  products  too  rapidly  for  entire  combustion,  but  if 
mixed  with  sand  in  suitable  proportion  they  burn  slowly  and 
completely.  Liquids  should  be  enclosed  in  narrow  tubes 
sealed  at  one  end  and  drawn  out  at  the  other  to  a  capillary  bore 
for  two  or  three  inches  of  length.  U  pon  the  point  of  the  tube  a 
bit  of  platinum  sponge  is  fixed  to  assist  the  oxidation.  The 
liquid  should  not  fill  more  than  two-thirds  of  the  wider  part 
of  the  tube. 

Before  introducing  very  volatile  substances,  the  10  era.  of 
the  combustion  tube   I  d   should  be  heated  to  dull  rednessL 

♦  A  platinum  tray  which  answers  well  may  be  made  10  to  20  cm.  long,  10  mm. 
wide,  and  7  to  10  mm.  deep  by  bending  thin  foil  over  a  glass  tube.  The  ends  maj 
bo  roughly  bent  together  or  left  open. 
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cygen  is  passed  in  at  i^  the  tubes  are  disjointed  at  h  and  the 
be  holding  the  assay  is  then  pushed  in,  till  the  platinum  just 
iches  the  heated  zone.  The  apparatus  being  connected  at  k 
)w  volatilization  of  the  liquid  is  eftected  by  cautiously  apply- 
K  a  flame  under  the  empty  portion  of  the  tube  containing  the 
x^stance,  so  as  to  maintam  the  platinum  sponge  in  a  steady 
ow.  As  soon  as  a  cloud  of  combustion-products  appears  in 
e  vessel  a,  oxygen  is  shut  oflF  fix)m  i  When  all  tne  liquid 
IS  distilled  from  the  interior  tube,  the  tube  cd  is  cooled 
Dwly  and  the  apparatus  is  left  for  two  hours  or  until  the  fume 
IS  entirely  subsided.  If  no  odor  of  bromine  be  perceptible 
hen  the  apparatus  is  disconnected  at  i  to  remove  the  tray  or 
ibe,  a  few  arops  of  it  should  be  poured  through  a  funnel-tube 
it  in  the  place  ofy,  and  the  whole  allowed  to  stand  some  time 
►  ensure  complete  oxidation  of  the  sulphur-compounds,  and 
dtion  of  the  sulphuric  acid, 
'he  tubes  d  and  e  are  then  rinsed  into  a  beaker,  this  water  is 
jured  into  6,  which  is  then  thoroughly  washed  by  the  aid  of 
le  wash-bottle ;  the  large  rubber  stopper  is  lifted  from  the 
)ttle  and  the  lower  part  of  h  rinsed ;  without  removing  the 
ibe  /  from  the  stopper,  it  is  rinsed  into  a  beaker  and  finally 
le  bottle  is  carefully  washed.  The  solution  obtained,  which 
Bed  not  exceed  500  cc.,  is  evaporated  to  a  small  volume, 
Itered  if  necessary  and  the  sulphuric  acid  precipitated  by  barium 
ilorida  The  barium  sulphate  washes  easily,  as  the  solution 
mtains  no  nitrates  or  fixed  salta  Its  purity  is  ascertained  by 
eatment  with  water  and  a  few  drops  of  chlorhydric  acid,  warm- 
ig  some  time,  filtering  and  reweigning.  In  case  the  substance 
aves  an  ash  or  residue  in  the  tray,  this  must  be  dissolved 
I  aqua  regia,  the  nitric  acid  removed  by  evaporation  with 
rong  chlorhydric  acid,  and  any  sulphuric  acid  it  may  contain 
parated  in  the  usual  manner.  In  the  use  of  this  apparatus 
lere  is  no  danger  from  explosions  if  care  be  taken  to  have  the 
^mbustion  tube  hot  enough  to  ignite  combustible  vapor. 
efore  attempting  to  bum  a  substance  in  the  apparatus,  it  is 
3gt  to  try  it  in  a  large  inclined  tube  open  at  both  ends,  or 
ith  oxygen  supplied  at  the  lower  end.  Such  a  preliminary 
ial  will  usually  indicate  the  precautions  necessary  in  burning 
le  substance  in  the  apparatus. 

The  writer  found  that  when  oxygen  prepared  from  a  mix- 
ire  of  potassium  chlorate  and  manganese  dioxide,  or  from  the 
hlorate  alone  (no  rubber  stoppers  or  connections  being  em- 
iloyed)  stood  some  time  in  a  bottle  containing  a  few  drops  of 
)romine  and  a  little  water,  the  water  gave  a  slight  turbidity 
with  barium  chlorida  Neither  the  bromine  nor  the  solution 
rf  the  chlorate  gave  reactions  for  sulphuric  acid  ;  the  manganese 
dioxide  contained,  however,  a  trace  of  sulphur.      Combustions 
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of  alcohol  and  of  sugar-charcoal  made  by  tlie  method  here  de- 
scribed, yielded  with  barium  chloride,  a  precipitate  apparently 
no  greater  than  that  obtained  from  the  oxygen  alone,  and  too 
slight  to  influence  ordinary  results.  This  snows  that  with  suit- 
able  care  rubber  stoppers  are  not  objectionable. 

The  following  results,  obtained  in  the  order  they  are  given, 
show  the  applicability  of  the  method,  while  some  ot  the  detailB 
mentioned  may  help  to  explain  the  use  of  the  apparatus. 

Weight  teken.     Per  eent.  flBud. 

1.  Iron  pyrites  (mixed  with  carbon), 0*0658  61*20 

2.  "         "  0-0697  61-26 

3.  Sulphur,   0'2070  09-76 

4.  "  0-2807  09-92 

6.         "  0-4951  99-98 

6.  "  0-5882         100-02 

7.  Carbon  disulphide, 0-7725  84-12 

8.  "  "  0-4598  84-16 

9.  Bituminous  Coal, 0-6640  2-97 

10.  "  "      0-7860  2-99 

11.  Wool, 0-4640  8-44 

12.  "       0-4676  3-46 

13.  Tobacco, 2-0720  0-37 

14.  "  2-1370  0-36 

Nine  liters  of  oxygen  were  used  in  Nos.  1,  2,  18  and  14,  and 
four  liters  in  each  of  the  other  analyses. 

In  No.  1  the  iron  pyrites  was  mixed  with  1-3  gr.,  and  in  No. 
2  with  2  gr.  of  sugar-charcoal,  and  the  residues  remaining  after 
the  first    combustion  were  mingled   with   a  small  additional 

f)ortion  of  charcoal,  and  the  combustion  repeated  to  remove  the 
ast  traces  of  sulphur.  The  solutions  of  the  final  residues  in 
aqua  regia,  after  evaporation  nearly  to  dryness  to  expel  the 
excess  oi  acid,  gave  no  turbidity  with  barium  chloride.  The 
sulphur  in  this  pyrites  was  estimated  by  another  method  by 
way  of  control.*     This  mixture  of  pyrites  with  charcoal  was 

*  The  analyses  of  pyrites  were  mostly  made  by  a  modificatioii  of  the  method 
of  Storer  and  Pearson  (this  Journal,  xlviii,  190).  The  pulverized  iron  pyritofl 
(0*2-0*5  grm.)  was  mixed  with  thrice  its  bulk  of  powdered  potassium  chlorate,  about 
25  oc  nitric  acid,  sp.  gr.  1  '40  were  then  added  to  the  mixed  powders,  and  the  whole 
was  heated  cautiously  but  not  to  boiling,  for  fear  of  melting  the  sulphur  whidi 
separated.  A  complete  solution  was  obtained  in  five  to  ten  minutes.  It  waB 
evaporated  to  dryness  and  the  evaporation  twice  repeated  with  the  addition  of 
chlorhydric  acid.  The  barium  sulphate  was  finally  precipitated  from  the  solutioa 
containing  but  a  few  drops  of  free  acid.  It  was  washed  first  by  decantation  with 
water,  was  then  digested  with  three  separate  portions  of  ammonium  acetate,  and 
the  washing  was  continued  with  water  till  sulphuric  acid  gave  no  turbidity  in  the 
washings.  These  precipitates  after  ignition  yielded  no  barium-salts  to  hot  dilute 
chlorhydric  acid ;  they  were  slightly  reddish  in  color,  and  the  sulphur  calculated 
from  their  weight  amounted  to  51*69  and  51*73  per  cent  respectively. 

In  two  other  determinations,  potassium-sodium  tartrate  (uo  pure  tartaric  add 
being  at  hand)  and  chlorhydric  aoid  were  added  to  the  solutions  before  precipita- 
with  the  hope  of  retaining  the  iron  in  solution  more  perfectly;  the  banuffl* 
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ised  as  an  imitation  of  coal,  which  should  contain  a  known 
.mount  of  sulphur. 

The  sulphur  used  in  Nos.  3,  4,  5  and  6  was  purified  by  crys- 
allization  from  carbon  disulphide  solution  and  fused.  It  was 
>laced  in  a  narrow  weighed  glass  tube  from  5  to  7  cm.  long, 
x>iled,  allowed  to  cool  and  the  whole  weighed.  During  the 
K>mbustion  of  No.  4,  the  sulphur  volatilized  so  rapidly  at  one 
ime  that  a  portion  escaped  unburned,  and  formed  a  coating  in 
;he  neck  of  the  combustion  tube  and  in  the  condenser,  wnich 
K)on  disappeared,  probably  oxidized  by  the  action  of  sulphuric 
icid  and  bromine. 

The  carbon  disulphide  was  the  commercial  article  purified 
jy  distillation  from  calcium  chloride  and  quick  lima  The 
soiling  point  was  constant  The  per  cent  of  sulphur  calculated 
IS  84'2l.  On  account  of  its  volatility  and  resistance  to  the 
iction  of  bromine,  it  required  more  care  in  its  combustion  than 
pure  sulphur.  It  was  weighed  in  a  sealed  tube  having  a  neck 
ihree  indies  long  with  a  very  fine  bore.  The  end  of  this  neck 
B^as  broken  off,  and  the  open  point  was  thrust  into  a  cylinder 
rf  platinum  sponge  wrapped  in  foil,  and  the  whole  was  quickly 
placed  in  the  combustion  tube  as  has  been  described. 

The  powdered  bituminous  coal  was  burned  in  a  tray.  In 
Exp.  No,  10  some  tarry  matter  passed  into  the  condenser.  No 
mlphur  was  found  in  the  reddish  ash,  which  amounted  to 
557  and  5 "22  per  cents. 

The  wool  was  from  South  Down  sheep.  It  was  purified  by 
crashing  with  soap  and  afterward  with  ether,  and  was  dried  at 
212*^.  Wool  swells  so  by  heat  that  it  cannot  conveniently  be 
burned  in  an  open  tray.  No.  11  was  contained  in  a  glass  tube 
sealed  at  one  end.  After  the  volatile  matters  had  been  burned 
oSf  the  tube  was  taken  from  the  apparatus,  the  closed  end  was 
broken  and  the  charred  residue  mostly  transferred  to  a  tray, 
vrhich  together  with  the  tube  was  returned  to  the  combustion 

ii]l]di«te  WM  treated  as  above  described.  The  precipitates  had  notwithstanding  a 
riddSah  oc^r  and  corresponded  to  6l'*l8  and  51*63  per  cent  of  sulphur  respectivelj. 
Tbay  yielded  nothing  to  dilute  chlorhydric  acid,  and  were  accordingly  free  fh)m 
idhering  barium-salts.  They  were,  according  to  the  suggestion  of  Mitscherlich 
(Joar.  Prakt  Chem.  83,  456),  dissolved  in  strong  sulphuric  acid,  thrown  down  by 
waltt',  washed  and  again  weighed.  They  were  now  free  fh>m  iron  and  oor- 
romooded  to  61*28  and  51*40  per  cent  of  sulphur  respectively. 

In  another  estimation  the  barium-sulphate  which  contained  a  large  amount  of 
ferric  oxide  was  slightly  washed  with  water,  then  fbsed  with  sodium-carbonate 
extneted  with  water,  and  the  sulphuric  acid  ^rown  down  from  the  aqueous  solu- 
tioQ  after  addition  of  a  slight  excess  of  chlorhydric  acid.  The  barium-snlphate, 
thns  obtained  ftee  from  iron,  was  digested  with  anmionium  acetate,  and  finally 
washed  with  water.    The  sulphur  calculated  from  it  was  51-2*1  per  cent 

The  latter  plan  of  purifying  barium-sulphate  has  long  been  employed  by  Prof. 
0.  D.  Allen  in  the  analysis  of  iron  ores,  and  its  publication  was  made  nearly 
linniltaneoiialy  in  the  Am.  Ed.  of  Fresenius'  Quantitative  Analysis,  p.  526,  from 
notas  fiiraiahed  by  Fret  Allen,  and  in  a  paper  by  Fresenius  in  his  Zeitschrift, 
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tube  to  complete  the  oxidation.  In  No.  12  a  small  platinum 
tube,  extemporized  from  foil,  closed  at  one  end  by  a  glass  plug, 
was  employed. 

The  pulverized  tobacco  of  No.  13  was  burned  in  an  open 
tray,  and  the  combustion  occupied  less  than  five  minutea  A 
small  amount  of  hydrocarbons  passed  over  unconsumed,  and 
owing  to  the  intense  heat  a  white  sublimate  formed  above  and 
beyond  the  tray.  No.  14  (same  tobacco)  was  mixed  and  covered 
with  sand;  the  combustion  lasted  twenty  minutes,  and  the 
oxidation  was  complete.  The  ash  of  the  tobacco  retained  by 
far  the  larger  part  of  the  sulphur.  In  Exp.  No.  18,  0*11,  and 
in  No.  14,  0*03  per  cent  sulphur  was  obtained  from  .the  gaseous 

Eroducts.     Mr.  E.  S.  Breidenbaugh  found  in  the  same  sample 
y  Eeichhardt's  method*  0*36  per  cent 

It  is  plain  that  the  sulphuric  acid  of  the  gaseous  products  is 
obtained  by  this  process  under  conditions  highly  favorable  for 
its  exact  estimation.  The  solution  from  whicn  it  is  precipitated 
contains  no  fixed  salts  and  no  nitric  acid,  the  presence  of  which 
renders  the  barium  sulphate  difficult  to  punfy,  but  only  sul- 
phuric and  bromhydric  acids.  The  only  impurities  that  can 
attach  to  the  barium  sulphate  are  accordingly  barium  chloride 
and  bromide.  The  former  may  be  perfectly  removed  by  warm- 
ing the  ignited  precipitate  with  dilute  chlorhydric  acid,  as  Fre- 
senius  has  conclusively  shown  in  a  late  paper,  f  This  method 
of  purifying  the  banum  sulphate  has  also  the  sanction  of 
Bunsen.J  It  is  not  probable  that  barium  bromide  would  resist 
treatment  which  removes  the  chloride.  In  the  analyses  ffiven  the 
writer  added  barium  chloride  slowly  to  the  concentrated  boiling 
solution,  and  after  twelve  hours  or  more  decanted  the 
supernatant  liquid,  boiled  the  precipitate  with  two  or  more 
portions  of  water  and  washed  with  hot  water  till  sulphuric  acid 
gave  no  turbidity  in  the  washings.  The  precipitate  washed 
rapidly,  and  an  hour  to  an  hour  and  a  half  generally  suflSced 
for  the  largest  ones.  In  purifying  the  larger  precipitates,  they 
were  placed  in  a  beaker  with  from  50  to  100  cc.  water  and  a  few 
drops  acid.  Any  lumps  were  broken  up  by  a  rod,  and  the  whole 
was  boiled  half  an  hour  or  more.  The  smaller  precipitates  were 
treated  in  the  crucibles.  In  all  cases  the  purifying  was  contin- 
ued till  sulphuric  acid  gave  no  reaction  for  barium  salts  in  the 
last  filtrate.  The  precipitates,  weighing  from  2  to  4gr.,  lost  by 
digesting  with  dilute  chlorhydric  acid  from  0*007  to  0O20  gr. 

To  Professors  Johnson  and  Allen  I  desire  to  return  thanks 
for  their  assistance  and  for  many  valuable  suggestions. 

Sheffield  Laboratorj,  July  Ist,  1872. 

♦  Caldwell's  Agriailtural  Qualitative  and  Quantitative  Analysis,  p.  246. 

f  Zeit  fiir  AnaL  Chem.,  Bd.  ix,  s.  52.        %  Zeit  fiir  AnaL  Chem.,  Bd.  x.  b.  396. 
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;T.  XVn. — On  the  Address  before  the  American  Association  of 
Prof  T,  J^erry  Bunt ;  by  James  D.  Dana.    No.  IL 

Phe  aim  of  Professor  Hunt  in  the  latter  section  of  his 
Idress  was  apparently  to  show  that  all  writers  on  metamor- 
ism  were  deeply  in  error,  except  himself  and  a  small  circle 
honored  savants  sufficient  in  number  for  a  new  School  in 
it  department  of  science.  And  in  my  reply  it  was  my  pur- 
y^  laudable,  as  I  thought,  to  let  him  know  that  Delesse  and 
umann  were  not  to  be  depended  on  for  the  school ;  and, 
ther,  to  show  that  the  views  of  the  outsiders  were  not  altoge- 
T  "  contrary  jarcon,"  as  he,  in  his  intense  love  of  truth  (i«L, 
truth)  had  said,  hoping  by  this  last  to  quiet  that  vexation 
spirit  which  had  bc^n  excited  by  the  alleged  "  sophistries." 
t  in  the  reply  to  my  criticisms  (page  41  of  this  volume)  Mr. 
mt  still  persists  in  denouncing  multitudes  of  men  for 
inions  thev  do  not  hold,  and  in  claiming  Delesse  and  Nau- 
im  as  on  his  side.  He  throws  out  long  statements  against 
^  eleven  positions ;  yet,  I  have  to  say,  without  essentially 
akening  tnem.  The  multitudes  do  not  need  my  further  aid 
their  defense ;  and  still  it  seems  best  once  more  to  state  the 
ts  with  r^ard  to  Professor  Hunt's  misreadings  and  misrepre- 
itations.  It  is  plain  that  for  some  reason  he  is  yet  unable  to 
d  rightlv  the  opinions  of  others. 

[  will,  therefore,  set  forth  again  those  of  my  objections  to 
ich  Prof.  Hunt  has  replied,  following  the  order  nearly  of  his 
>er,  and  add  such  remarks  as  seem  necessary. 

Objection  1.  That  Professor  ffunty  while  accepting  the  ordinary 
ws  on  the  origin  of  most  pseudomorphs,  refects  them  with  respect 
nany  silicates^  such  as  those  consisting  of  serpentine,  steatite,  and 
lite, — I  gave  the  reasons  why  crystals  of  serpentine  and  other 
lilar  pseudomorphs  are  not  true  crystals,  mentioning  facts  that 
ablish  this,  as  I  oelieve,  beyond  question.  Mr.  Hunt's  only 
)ly  is :  "  [Jntil  we  can  watch  the  transmutation  of  one  of 
586  species  into  another,  the  argument  from  supposed  inter- 
diate  forms  is  worth  no  more  in  the  mineral  tnan  in  the 
organic  world."  Thus  chemical  ignorance  as  to  the  how,  in  his 
3  of  scientific  logic,  is  made  to  set  aside  all  arguments  as  to 
5  feet  The  comparison  he  uses,  if  hard  on  Darwin,  is  not 
on  the  crystallographer.  The  change  of  a  crystal  making  it 
pseudomorph  is  simply  a  chemical  change  without  a  change 
form  by  means  of  hot  or  cold  mineral  solutions  or  vapors 
jents  that  have  been  common  in  the  course  of  the  earth's 
story) ;  and  since  very  many  such  changes,  as  Mr.  Hunt  admits, 
kve  taken  place  among  species  not  silicates,  some  of  them  yet 
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unexplained,  the  above  argument  is  poor  support  for  the  oonclu- 
siou  that  they  may  not  have  occurred  among  silicates.     Li  ihii 
country  no  investigator  of  pseudomorphs  has  shown  any  leaning   | 
toward  Mr.  Hunt^  "  more  rational"  view,  and  only  one  or  two   i 
in  Europe. 

But,  further,  the  gradations  in  the  transmutation  have  been 
in  many  cases  seen,  if  not  watched,  so  that  direct  observation 
of  this  kind  has  satisfied  almost  everybody  elsa  Naumann 
holds  to  the  derivation  of  serpentine  from  chrysolite,  and 
states  that  large  crystals  occur  at  Snarum  that  are  all  serpentine 
excepting  a  remaining  kernel  of  chrysolite  at  the  center.  Mr. 
Hunt  would  say  that  uiis  is  a  case  of  cotemporaneous  crystal- 
lization of  the  two  minerals,  or  of  envelopment  But  the  last 
step  occurs  also  in  the  same  region,  that  is,  crystals  of  pore 
serpentine,  with  no  chrysolite  left  and  therefore  nothing  to 
envelop,  and  yet  not  having  the  Qualities  of  true  crystalfl» 
inasmuch  as  the  interior  physical  and  optical  characters  ao  not 
correspond  to  the  crystalline  form ;  ana  this,  as  the  final  step 
in  the  process,  Naumann  and  the  "many  others*'  would  say 
makes  it  a  well-clinched  demonstration. 

Objection  2.  That  Mr,  Hunt  claims  that  Delesse  sustains  a 
"  theory  of  envelypmjent^'*  as  a  substitute  for  the  ordinary  "  theory  of 
psevdomorphism^^'  and  in  this  denies  i)elesse*s  oum  statements,* — 
From  the  example  just  mentioned  it  is  plain  what  is  here  meant 
by  envelopment — that  it  is  mixture  fi-om  cotemporaneous  crystalli- 
zation. A  considerable  part  of  Prof.  Hunt's  reply  on  the  above 
point  is  an  endeavor  to  make  what  Delesse  says  on  envelopment 
m  crystals  a  substitute  for  what  he  says  on  pseudomorpnism ; 
when  the  truth  is  reached  by  taking  Delesse's  word  for  it,  that 
his  chapter  on  envelopment  is  introductory  to  the  other,t  a 

*  In  my  former  paper  I  used,  instead  of  the  word  swtains,  the  expression  if  Ac 
ofithor  of.  Mr.  Hunt  claims  rightly  that  Scheerer  first  brought  out  the  idea  of  t 
kind  of  envelopment  But,  as  is  obyious  above,  the  question  of  authorship  hu 
nothing  to  do  with  my  argument.  Delesse  was  the  first  to  present,  in  a  detaiM  and 
systematic  form,  the  facts  connected  with  envelopment  in  crystals,  and  tliis  word 
envelopment,  as  thus  employed,  is  ih>m  him.  Moreover,  his  idea  of  "  envelop- 
ment" did  not  embrace  Scheerer's  principle,  which  was  that  of  isomorphienL  Ai 
Mr.  Himt  has  it,  in  this  Journal,  II,  xvi,  217,  Scheerer  had  in  view  a  simultaneous 
crystallization  of  two  isomorphous  species,  as,  for  instance,  a  hydrous  and  anhydrous 
silicate  (iolite  and  fahlunite  in  the  same  crystal  being  an  example).  But  Delesse'i 
envelopment  is  simple  mixture ;  he  has  no  allusion  in  his  chapter  on  envelopment 
to  any  isomorphism  in  the  associated  minerals.  Mr.  Hunt's  sentence  in  his  Ad* 
dresM  (p.  47),  claiming  that  Delesse's  view  in  his  work  on  Pseudomorphism  ^'m 
identical  with  the  view  suggested  by  Scheerer.''  is  therefore  at  fault  Delesse, 
later  in  the  volume,  mentions  Scheerer's  principle  as  a  possible  case  under  hit 
''envelopment,"  as  follows:  **If,  as  Scheerer  has  remarked,  water  acts  as  a  base 
in  silicates,  then  anhydrous  and  hydrous  silicates  may  crystallize  together  and  be 
isomorphous :"  and  then  follows  the  single  example  of  the  association  of  hornblende 
and  diallage  in  euphotide. 

f  Delesse  says,  at  the  close  of  his  chapter  on  envelopment,  '*  Ce  pr^ambule  sur 
I'enveloppement  des  min^raux  ^tait  n^ssaire  pour  rintelligence  du  pseodo- 
morphisme,  qui  va  maintenant  nous  ocouper." 
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lowing  of  what  is  not  a  pseudomorph  preparatory  to  explaining 
hai  is ;  and  observing,  also,  that  this  second  part,  the  main 
irt  of  the  work,  is  treated,  with  the  exception  of  a  few 
camples  unessential  to  the  point  in  dispute,  just  as  is  done  by 
!aidinger  and  all  other  writers  on  pseuaomorphs,  and  contains 
table,  many  pages  long,  of  true  pseudomorpns,  in  which  are 
loee  of  serpentine^  gieseckite  (van  of  pinite),  steatite  or  tofc, 
pioUie  and  chlorite,  besides  other  silicates.  There  is  no  fog  in 
elesse's  statements  on  this  point  Mr.  Hunt  cites  some 
«mingly  opposing  sentences  from  Delesse :  but  these  relate  to 
16  exceptions,  cases  that  for  the  most  part  are  generally  ad- 
itted  to  be  doubtful ;  they  do  not  touch  the  species  above- 
entioned,  those  with  regard,  to  which  Mr.  Hunt  would  be  glad 
»  gather  support  from  Delesse. 

Frof.  Hunt  says  that  Delesse's  views  underwent  a  change 
jout  1861,  as  appears  in  his  work  on  metamorphism  then  pub- 
ahed,  in  which  Delesse  **  adopts"  Mr.  Hunt's  view,  that  beds 
r  serpentine  have  been  formed  from  the  alteration  of  chemically 
epoBited  beds  of  a  hydrous  magnesian  silicate  related  to 
micdite  (meerschaum).  But  the  evidence  is  positive  that, 
hile  Delesse  accepted  this  hypothesis  for  beds  of  serpentine,  he 
id  not  change  his  views  on  serpentine  pseudomorphs.  For  in 
le  successive  numbers  of  his  **  Revue  de  Gfologie,"  published 
Y  him  and  de  Lapparent  between  1860  and  the  present  time, 
B  sets  forth  the  verv  same  principles  that  are  the  basis  of  his 
ork  on  Pseudomorphism  (1869),  and  adds  to  the  number  of  cited 
cts  under  both  the  heads  Envelopment  and  Psevdomorphism. 
In  the  number  of  the  Review  published  in  1861,  the  very 
Bar  his  paper  on  metamorphism  appeared,  after  citing  a  long 
St  of  cases  of  envelopment  from  an  article  by  Sdchting,  he 
entions  cases  of  pseudomorphs  of  steatite  after  pectolite, 
lalcite,  natrolite  and  barite.  In  that  issued  in  1865,  he  com- 
enoes  (p.  169)  his  chapter  on  pseudomorphs  with  the  following 
iiagrapn  ;  "  Lorsqu'une  substance  conserve  sa  forme  primitive, 
Lcn  qu  elle  soit  plus  ou  moins  modifi^e  dans  sa  composition  et 
tSme  enti^rement  remplac^e  par  une  autre  substance,  il  se 
roduit  ce  que  Ton  pent  appeler  un  pseudomorphisme.  Ce 
h6nom^ne  a  sou  vent  lieu  sur  une  grande  ^chelle,  comme  Fa 
irtout  fiEUt  remarquer  M.  G.  Bischof,  et  par  cons<5quent  son 
tude  est  importante  pour  la  geologic."  Delesse  here  goes  so 
ur  as  to  say  (and  this  in  1866,  it  should  be  noted)  that  pseudo- 
wrphic  changes  have  ofieu  taken  place  on  a  grand  scale,  as  has  been 
tpecially  remarked  by  0,  Bischof,  and  consequently  its  study  is  im- 
wrkofU  to  geology.  He  then  cites  a  table  of  pseudomorphs,  in 
which  occur  three  o{  serpentine,  one  after  actinolite,  another  after 
Jfibestus,  and  a  third  after  bronzite ;  and  this  he  does  without 
a  word  of  protest  or  objection,  just  as  he  did  in  his  treatise  of 
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1859.  Again,  in  the  Review  published  in  1872,  after  stating 
the  fact  of  the  occurrence  of  magnetite  in  mica,  ascertained  by 
Prof.  Brush,  as  an  example  of  envelopment^  he  next  mentions  a 
pseudomorph  of  talc  after  enstatite.  Thus  he  declares  his 
belief  in  the  old  views  to  the  present  year,  excepting,  as  I  have 
said,  only  a  few  species  not  bearing  on  the  question  here  under 
consideration.  Delesse,  in  adopting  in  1861  the  hypothesis 
with  regard  to  beds  of  serpentine  just  stated,  did  not  assume 
or  imply  that  serpentine  pseudomorphs  or  crystals  were  so 
made.  He  was  aware  that  the  method  was  wholly  m- 
applicable  to  pseudomorphs,  knowing  well  that  a  serpen- 
tine pseudomorph  of  chrysolite  haa  been  made  by  the 
alteration,  not  of  a  hydrous  magnesian  silicate,  but  of  a  crystal 
of  chrysolite ;  that  a  serpentine  pseudomorph  of  hornblende 
had  been  made  by  the  alteration  or  removal  of  a  crystal  of 
hornblende ;  and  the  same  in  other  such  cases  of  "  epigenic" 
pseudomorphism.     For  this  is  the  view  he  presents. 

Mr.  Hunt  attempts  to  explain  Delesse's  combination  of 
opinions  by  "hazarding  the  conjecture"  that  Delesse  wrote  his 
views  on  envelopment  and  metamorphism  "while  he  still 
inclined  to  the  views  of  the  opposite  scnool."  Thus,  Delesse^s 
direct  and  consistent  account  of  his  views  is  set  aside  on  the 
ground  of  stupidity,  or  his  not  knowing  clearly  what  he 
believed — ^a  damning  apology  for  Delesse,  Engineer-in-Chief  of 
the  Mines  of  France,  if  it  were  needed :  but,  not  needed,  most 
damaging  to  the  argument  of  his  apologist.* 

Objection  3.  That  Prof.  Hunt  makes  Naumann  sustain  the 
theory  of  envelopment^  when,  in  fact,  this  veteran  crystallographer 
and  mineralogist  presents  the  ordinary  views  on  psef/domorphism 
in  the  successive  editions  of  his  Mineralogy  down  to  the  la^t  of  1871. 
In  reply  to  this  Mr.  Hunt  adds  one  more  sentence  to  the  citation 
in  his  Address  from  Naumann's  published  letter  to  Delesse. 
But  Naumann's  letter  related  only  to  Delesse's  ideas  on  envelop- 
ment, and  is  utterly  misused  by  rrof  Hunt  I  repeat  from  my 
former  article  that  Naumann's  chapter  on  Pseudomorphism 
contains  not  a  word  on  envelopment,  while  it  does  present  the 
old  views ;  and  his  work  is  full  of  examples  according  there- 
with. Even  fahlunite  and  some  related  species  are  admitted  to 
be  (p.  455,  note)jproducts  of  the  alteration  of  iolite,f  contrary 
to  Scheerer  and  Hunt 

*  Tn  my  review,  I  did  not  say,  as  Mr.  HuDt  implies,  that  Delesse  does  not  in  amf/ 
way  countenance  the  views  of  M  r.  Hunt,  for  I  remarked  that  he  did  agree  with  him 
with  regard  to  the  origin  of  beds  of  serpentine,  and  with  respect  to  the  envelop- 
ment nature  of  a  few  of  the  kinds  of  pseudomorphs ;  but  I  did  say  that  with  regird 
to  pseudomorphs  of  serpentine  and  all  the  species  under  dispute,  as  well  as  moBt 
other  kinds,  and  with  regard  to  the  use  to  be  made  of  the  facts  under  envelopment, 
Delesse  holds  directly  opposite  views  to  those  of  Mr.  Hunt 

f  Naumann,  in  the  note  here  referred  to  in  his  Mineralogy  of  1871,  aHodesto 
^    Haidinger's  '*  excellent  article"  on  the  relations  of  fahlunite,  chlorophyllita,  pinit^ 
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Mr.  Hunt  protests  against  expressions  cited  by  him  from 
Naumann  ana  Delesse  being  ^^  set  aside  because  traces  of  the 
doctrine  of  epigenic  pseudomorphism  still  hold  a  place  in  the 
last  edition  of  Naumann's  Mineralogy,  or  in  the  *  Revue  de 
Gdologie,'  of  which  Delesse  is  one  of  the  authors.**  Traces  I  when 
a  systematic  statement  of  facts  on  pseudomorphism  essentially 
after  the  old  views  is  the  object  of  eaeh  I     TRACES  1 1 1 

Delesse  and  Naumann  might  well  be  excused  for  some  vex- 
ation of  spirit  after  such  ^*  sophistries"  personal  to  them,  and, 
probably,  if  they  were  to  speak  out,  they  would  show  their 
vexation  without  the  use  of  poetry. 

Objection  4,  Thai  Prof,  Hunt  grossly  misrepresented  the  mews 
of  nearly  every  writer  on  psevdomorphisni  in  saying  that  the 
doctrine  of  Oustaf  Base,  Haidinger,  Blum^  Volger,  Rammelsberg^ 
Dana,  Sischof  and  many  others^  leads  them  to  maintain  tiie 
possibility  of  cmiverting  almost  any  silicate  into  any  other ;  and 
adding^  in  the  same  paragraph^  that  ^'^  in  this  way  we  are  led  from 
gneiss  or  granite,  to  limestone^  from  limestone  to  dolomite^  and  from 
dolomite  to  serpentine^  or  more  directly  from  granite^  granulite  or 
diorite  to  serpentine  at  oncCj  without  passing  through  the  inter- 
mediate stages  of  limestone  and  dolomite^ 

Prof  Hunt  seems  to  think  that  he  meets  the  objection  in 
saying  (page  50)  that — 

"fijJCDiNGER  and  others  have  held  to  the  conversion  of  lime- 
stone to  dolomite ; 

G.  Rose,  Blum  and  the  writer,  to  that  of  dolomite  and  some 
other  rocks  to  serpentine,  or  to  talcose,  steatitic  or  chlorite 
schist; 

Rammelsbebg ?  [nothing  is  mentioned]  ; 

Blum,  again,  to  that  of  limestone  to  granite  or  gneiss,  when 
this  author  has  nothing  of  the  kind  in  his  works,  and  the 
nearest  to  it  is  the  fact  cited  by  Bischof  that  feldspar  occurs  as 
a  pseudomoroh  after  crystals  of  calcite ; 

^ISCHOP,  MiJLLEB,  and  Volger,  to  that  of  various  rocks  into 
others  by  extravagant  methods ;  and 

Dana,  again, !  [see  below]. 

But  this  gathering  of  objections  from  the  opinions  of  a 
variety  of  individuals,  and  then  charging  the  whole,  with  the 
help  of  a  few  lines  of  poetry  (see  Address,  p.  42),  on  all 
collectively,  while  it  may  be  a  smart  thing  to  do,  is  not  the 
best  course  to  ^ve  success  to  the  truth.  With  scarcely  an 
exception,  all  wnters  on  the  subject  under  consideration,  Nau- 
mann and  Delesse  included,  have  a  right  to  feel  badly  at  being 
80  summarily  knocked  over  in  ten-pin  style. 

^  to  iolite  [showing  that  they  are  altered  iolite],  and  then  observes  that  these 
ninenls  are  to  be  marked  as  independent  species  onlv  '*  so  far  as  they  correspond 
^  i^nile  stages  or  phases  in  the  decomposition  of  ioUte."  There  is  no  mistaking 
Htomaoxi's  opinion. 
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But  the  most  extraordinary  feat  is  Mr.  Hunt's  making  out 
that  the  writer  has  virtually  sustained  the  view  of  the  meiamor- 
pilosis  of  granite  or  gneiss  to  limestone  (p.  60),  when,  as  I  said 
before,  it  is  an  idea  that  never  entered  my  head  until  the 
reading  of  Mr.  Hunt's  caricature  of  the  suoject  The  proof 
which  he  gives  is  remarkable.  In  the  first  place,  he  says  that 
my  Mineralogy  contains  the  fact  that  calcite  is  sometimes  found 
pseudomorphous  after  quartz ;  and,  in  another  place,  the  lact 
that  calcite  is  found  pseudomorphous  after  feldspar.  Hence 
the  conclusion,  granite  or  gneiss  to  limestone,     Q.  E.  D. 

Now,  if  the  facts  respecting  the  peudomorphs  were  facU^ 
it  would  still  require  great  constructive  powers  to  make  out 
from  the  statements  the  conclusion  that  I  ever  held  to  the 
"  metamorphosis  of  granite  or  gneiss  into  limestona"  But, 
as  to  the  facts :  (1)  The  mineralogy  does  not  mention  any  case 
of  the  pseudomorphism  of  calcite  after  quartz;  and  (2)  the 
pseudomorphs  of  calcite  after  feldspar  are  spoken  of  as  examples 
not  of  an  alteration  of  the  feldspar,  but  of  its  removal,  and  the 
substitution  of  calcite  (4:th  edit,  p.  249,  and  also  6th  edit, 
p.  861).  Now,  by  this  substitution  process,  the  above-mentioned 
metamorphosis  would  consist  {supposing  fact  No.  1  to  be  a  fact, 
and  that  mica  crystals  may  be  similarly  changed  to  calcite, 
which  Mr.  Hunt  omits  to  include)  in  a  removal  of  all  the 
materials  of  the  granite  by  a  process  of  solution,  and  the  co- 
temporaneous  or  subsequent  substitution  of  calcite ! 

All  will  admit  that  toe  use  of  facts  and  not-facts  exhibited  in 
the  above  charge  is  most  extraordinary  ;  and  can  judge  fix>m  it, 
and  from  other  like  cases  stated,  of  Mr.  Hunt's  ability  to 
appreciate,  or  do  justice  to,  the  views  of  others. 

In  accordance  with  the  opinions  on  the  origin  of  serpentine 
rocks  which  I  hold,  in  common  with  Gustaf  Rose  and  others, 
we  learn  from  Prof.  C.  U.  Shepard  (see  this  Journal,  iii,  287, 
1872)  that  specimens  of  serpentine  from  the  vicinity  of  Havana 
(Cuba)  are  plainly,  as  he  says,  pseudomorphous  after  chrysolite, 
amphibolite,  augite,  and  titanite,  and  that  these  pseudomorphs  so 
abound  in  the  matrix,  that  they  constitute  the  largest  portion  of 
the  mass,  and  may  be  easily  separated  by  a  blow  of  the 
hammer.*  Again,  Mr.  T.  D.  Rand  states  (this  volume,  p.  71, 
from  the  Proceedings  of  the  Academy  of  Natural  Sciences  of 
Philadelphia,  1871,  802)  that  a  serpentine  and  steatite  rock  on 
Mill  Creek,  Pa.,  near  the  line  between  Philadelphia  and 
Montgomery  counties,  contains  crystals  partly  cruciform  which 
have  precisely  the  form  and  angles  of  staurolite  fas  ascer- 
tained by  running  lead  into  the  cavity  left  by  one  of  them, 
and  thus  obtaining  a  cast),  and  which  yet  consist  of  serpentine ; 

*  It  is  to  bo  DOted  that  serpentine  pseudomorphs  are  sometimes  pseudomorphi 
by  svbstitution.  as  well  as  by  alteration.  Either  method  is  a  result  of  **  epigeoic" 
change,  since  it  is  produced  by  the  action  of  external  chemical  agents. 
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and  Mr.  Rand  adds  that  "the  whole  aspect  of  this  curious 
formation  suggests  a  rock  originally  containing  crystals,  but 
metamorphosed  almost  beyond  recognition."  Remembering 
what  rocKS  contain  crystals  of  siaurolite,  that  they  are  usually 
mica  schist,  or  clajr  slate,  we  learn  here  some  of  the  probabil- 
ities as  to  the  kinds  of  rock  that  may  have  undergone  this 
change  to  steatite  and  serpentine.  The  argument  with  regard 
to  the  magnesian  alterations  is  not  from  simple  crystals  alone, 
but  from  these  and  the  rock  combined. 

In  view  of  such  &cts,  the  writer  still  holds,  as  in  1845,  that — 

•  •  •  <i  (piiQ  same  causes  that  have  originated  the  steatitic  scapo- 
lites,  occasionally  picked  out  of  the  rocks,  have  given  magnesia  to  whole 
rock-formations,  and  altered  throughout  their  physical  and  chemical  charac- 
ters. If  it  be  true  that  the  crystals  of  serpentine  are  pseudomorphous  crys- 
tals, altered  from  chrysolite,  it  is  also  true,  as  Breithaupt  has  suggested,  that 
the  beds  of  serpentine  containing  them  are  likewise  altered ;  though  often 
covering  square  leagues  in  extent,  and  common  in  most  primary  formations. 
The  beds  of  steatite,  the  still  more  extensive  talcose  formations,  contain 
everywhere  evidence  of  the  same  agents." — This  Jourru,  xlviii,  92,  1845. 

Besides  this  paragraph,  expressive  of  my  views,  Mr.  Hunt 

cites  also  another  oi  the  same  purport  from  my  Mineralogy  of 

1854,  and  in  this,  also,  I  see  little  to  modify.     It  is  as  follows : 

that — 

**  The  various  examples  of  pseudomorphism  should  be  understood  as  cases 
not  simply  of  alteration  of  crystals,  but  in  manv  instances  of  changes  in  beds 
of  rock.  [Delesse  admits  this ;  see  p.  99.]  Thus  all  serpentine^  whether  in 
moontain-massee,  or  the  simple  crystal,  has  been  fonned  through  a  process  of 
pseudomorphism,  or  in  more  general  lan^age,  of  metamorphism ;  the  same  is 
troe  of  other  magnesian  rocks,  as  steatitic,  talcose  or  chloritic  slates.  Thus 
the  sabject  of  metamorphism,  as  it  bears  on  all  crvstalline  rocks,  and  of  pseu- 
domorphism, are  but  branches  of  one  system  of  phenomena." — Jllin.,  ith  edit^ 

i,a" 


The  larger  part  of  the  kinds  of  alteration  or  metamorphism 
made  out  against  authors  by  Prof  Hunt,  on  pages  50,  51  of  his 
article,  are  of  this  magnesian  class,  the  results  being  serpentine, 
or  talcose,  steatitic  or  chlorite  schist  It  is  to  be  remembered 
that  this  class  is  but  one  among  several  that  have  been  made 
by  metamorphism.  If  we  use,  as  above,  the  argument  from 
hydrous  magnesian  pseudomorphs  to  hydrous  magnesian  rocks, 
we  are  not  chargeable  with  applying  a  like  argument  to  the  ori- 
gin of  calcite  from  gneiss  or  granite,  or  the  reverse,  until  we  so 
apply  it  There  is  no  like  basis  in  pseudomorphism  for  such 
conclusiona  This  is  made  manifest,  for  one  of  them,  in  the 
explanation  of  Mr.  Hunt's  "  extraordinary  feat "  on  the  preceding 
page ;  and  the  other  is  equally  preposterous. 

Objection  5.  That  Prof,  Hunts  Address  of  1871  misrepresents 
my  views  in  attributing  to  me  the  doctrine  that  "' metamorphism  is 
pseudomorphism  on  a  broad  scale"  without  alluding  to  the  views  I 
oetuaUy  now  hold  as  presented  in  the  chapter  on  Metamorphism  in 
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my  Manual  of  Oeology  published  in  1868. — ^Mr.  Hunt's  reply 
to  this  is  simply  that  I  once  held  the  view  and  have  never 
formally  retracted  it — ^as  if  presenting  other  vievra  in  a  formal 
chapter  on  the  subject  were  not  a  sufficient  retraction.  As  to 
my  own  expression  of  the  doctrine  that  '^  metamorphism  is 
pseudomorphism  on  a  broad  scale/'  he  brings  out  a  fact  I  had 
overlooked  when  writing  my  former  article.  I  examined  the 
Mineralogy,  and  all  my  papers  in  this  Journal,  in  search  of  the 
line  above  cited,  and  failed  to  find  it  because  of  its  occurrence 
only  in  a  short  book  notice.  I  did  not  deny  having  used  it, 
though  ignorant  where  or  when,  but  only  asserted  that  it  was 
not  in  the  Mineralogy.  The  statement  in  my  article  as  to  the 
views  contained  in  the  Mineralogy  (4th  ed.)  is  strictW*  correct 
My  general  expressions  in  that  work  are  strong ;  but  I  mention 
as  examples,  under  those  views,  no  rocks  except  serpentine 
and  other  magnesian  rocks ;  and  to  these,  as  I  have  said,  I  still 
apply  it  See,  for  my  views  in  1854,  the  sentence  on  the  pre- 
ceding page,  cited  from  it  Moreover  I  state,  in  the  same  chap- 
ter (p.  386),  that  few  willfoUow  Bischofin  aU  his  methods  of  rock- 
making. 

Objection  6.  That  Prof  Hunt  points  out  the  existence  of  a  Qreen 
Mountain  series  of  rocksy  and  a  White  Mountain  series^  basing  his 
dedu4:tions  largely  on  lithological  evidence^  without  any  sufficient 
stratigraphical  evidence,  and  wiUiout  properly  defining  t/ie  limits  of 
tiie  two  regions, — Mr.  Hunt's  reply  to  these  objections  are  con- 
fined to  three  points.  (1.)  In  opposition  to  my  remark  "  that 
there  are  gneisses,  mica  schist  ana  chloritic  and  talcoid  schists 
in  the  Taconic  series,"  he  says  "that  Emmons,  the  author  of  the 
Taconic  system,  expressly  excluded  therefrom  the  crystalline 
rocks.'*  This  exclusion  is  an  easy  feat  for  a  speculator  with  pen 
in  hand,  like  many  closet  feats ;  l)ut  it  is  more  than  herculean  in 
actual  fact,  since  the  very  Taconic  mountains  themselves,  that 
is,  the  very  rocks  called  iVconic  by  Emmons,  are  partly  gneiss, 
gneissoid  mica  schist,  and  chloritic  talcoid  schist,  as  well  as 
talcoid  schist ;  and  these  rocks  are  so  involved  together  that 
speculation  vnW  never  bring  them  into  that  kind  of  order  which 
Mr.  Hunt's  "notions"  require. 

(2.)  To  my  enquiry  whether  any  one  has  proved  by  careful 
observation  that  crystals  of  stiuirolite,  cvanite  or  andalusite  are 
restricted  to  rocks  of  a  certain  geological  period,  Mr.  Hunt 
answers  that  "  it  has  not  yet  been  proved  that  they  belong  to 
any  later  period  than  the  one  already  indicated"  (ihe  Pre-cam- 
brian) ;  and  that  "  it  is  only  by  bringin*]^  together  observations, 
as  I  have  done,  that  we  can  ever  hope  to  determine  the  geologi- 
cal value  of  these  mineral  fossils."  Now  the  fact  is  that  those 
same  Taconic  rocks,  unquestionably  of  the  Taconic  system 
ling  to  Emmons  himself,  and,  therefore.  Hunt  attesting,  of 
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Lower  Silarian  age,  contain  in  some  places  staurolite  crystals. 
Percival  first  noticed  the  fact,  and  states  this  even  of  the  rocks 
of  Mt  Washington,  the  main  part  of  the  Taconic  range.  He 
speaks  of  the  rock  of  **  Taconic  mountain"  as  fine-grained  mica- 
ceous or  talco-micaceous  schist,  containing  garnet  and  staurolite  ; 
and  adds,  "sometimes  it  is  greenish  and  subchloritic,  with 
seams  and  patches  of  compact  green  chlorite,  and  yet  accom- 
panied with  the  same  minerals  [garnets  and  staurolites].  This 
IS  particularly  the  case  in  the  south  and  northeast  part  of  Ta- 
conic mountain."  Hence  staurolites,  and  chlorite  also,  occur 
in  rocks  admitted  to  be  Silurian. 

(8.)  Mr.  Hunt  denies  that  he  makes,  in  his  Address,  "  the 
crystalline  schists  of  the  White  Mountains  a  newer  series  than 
the  Green  Mountain  rocks." — I  had  read  on  pages  29  and  83  of 
the  Address  approving  announcements  that  Macfarlane  had 
made  the  crystalline  rocks  of  the  Green  Mountains  Huronian  ; 
and  then,  on  page  84  of  the  Address,  the  statement  that  the 
White  Mountain  series  is  largely  developed  in  Newfoundland, 
and  that  this  fiact  had  led  him  (Mr.  Hunt)  to  propose  for  it  [the 
year  before]  the  name  of  the  Terranovan  System.  At  this  point 
in  the  Address  there  is  a  reference  to  this  Journal  of  the  pre- 
ceding year,  vol.  1,  p.  87,  1870  ;  and  consequently  by  referring 
back  to  this  article  oy  Mr.  Hunt,  T  found  this  Terranovan  de- 
fined, Mr.  Hunt  saving  that,  according  to  Mr.  Murray,  the  series 
comprises  "  several  thousand  feet  of  strata,  including  soft  bluish- 
gray  mica  slates  and  micaceous  limestones  belonging  to  the 
Fotsdam  group,  besides  a  great  mass  of  whitish  granitoid  mica 
slates  whose  relation  to  the  Potsdam  is  still  uncertain."  As  the 
Huronian  is  older  than  the  Potsdam,  and  this  equivalency  of  the 
Terranovan  is  not  corrected  in  the  Address,  I  thouglit  I  had 
reason  for  supposing  that  Mr.  Hunt  made  the  White  Mountain 
series  the  newer.  I  acknowledge  I  prefer  the  view  he  now 
presents,  since  the  less  definite  the  statement  the  better  as  long 
as  we  have  no  sufficient  facts  for  a  conclusion. 


Art.  XVTTT. — JReply  to  a  ^^  Note  on  a  question  of  Priority  ;"*  by 

James  Hall. 

In  the  April  number  of  this  Journal  there  is  published  an 
article  with  the  above  title,  in  which  the  author  quastions  the 
feet  of  publication  of  a  small  pamphlet  entitled  "Notes  on 
some  new  or  imperfectly  known  forms  among  the  Brachio- 
poda."  I  perhaps  owe  to  myself  and  to  the  scientific  public  a 
few  words  in  reply. 

*67  K.  Billings,  who  has  treated  ilie  same  question,  essentially  in  the  same 
1^  lod  manner,  in  two  or  more  articles  in  the  Canadian  Naturalist. 
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The  pamphlet  referred  to  was  printed  in  March,  1871,  and  a 
number  between  twenty -five  ana  thirty  copies  delivered  to  me 
at  that  tima  The  type  was  left  standing  in  order  to  print  a 
larger  number,  to  be  accompanied  by  a  plate  of  figures  tnen  in 
progress,  with  descriptions  of  the  same.  Of  these  copies,  the 
greater  part  were  distributed  in  the  United  States  soon  after 
publication.  Copies  were  sent  to  the  Geological  Society  of 
London,  to  Mr.  ^Davidson,  Mr.  A.  C.  Bamsay,  M.  Barrande, 
Dr.  Lindstrom,  Dr.  Geinitz,  Pro£  DeKoninck,  Dr.  F.  Boemer, 
Edward  Desor,  Dr.  A.  von  Volborth,  and  the  Imperial  Society 
of  Naturalists  of  Moscow.  These,  with  one  exception,  were 
sent  in  packages  with  other  publications,  through  the  Smith- 
sonian Institution,  and  are  marked  in  my  list  as  having  been 
forwarded  from  Albany  on  the  7th  of  April,  1871.  The  pam- 
phlet is  noticed  in  the  Jahrbuch  for  1871,  p.  989. 

On  the  7th  of  April,  1871,  the  printing  establishment  of 
Weed,  Parsons  &  Co.  was  destroyed  by  fire,  together  with  the 
23d  Report  on  the  State  Museum  (printed  to  nearly  200  pages), 
the  lithographic  stones,  and  everything  else  pertaining  to  that 
work.  In  the  confusion  which  followed,  and  with  the  neces- 
sity on  the  part  of  the  State  printer  to  furnish  certain  docu- 
ments as  soon  as  possible,  no  attention  was  given  to  the  State 
Museum  Report  lor  several  months.  Had  there  existed  in  my 
mind  the  least  doubt  about  publication,  I  should  naturally  have 
procured  an  additional  number  of  copies ;  for  this  work  could 
easily  have  been  done  at  any  printing  oflBce.  It  has  usually 
been  my  practice  to  distribute  at  least  one  hundred  copies  of 
publications  made  in  advance  of  the  regular  reports ;  and  this 
would  have  been  done  in  the  present  instance  within  a  month 
after  the  first  publication,  together  with  the  plate  of  figures,  and 
description,  but  for  the  disastrous  fire  referred  to. 

These  are  the  facts  of  the  case ;  the  scientific  public  will 
decide  the  question  of  publication*  And  here  I  might  close: 
but  there  are  a  few  points  in  Mr.  Billings*  article  which  require 
attention. 

From  the  tenor  of  Mr.  Billings'  statements  in  this  Journal  and 
especially  in  the  Naturalist,  any  reader  would  suppose  that  I 
had  borrowed  specimens  from  the  Canadian  Geological  Survey 
on  which  to  found  my  descriptions,  or  conclusions,  concerning 
the  genera  there  published  as  RHYNOBOiiUS  and  Dinobolus, 
and  then  endeavored  to  keep  him  in  ignorance  of  what  I  had 
done.  This  would  certainly  have  been  an  absurdity,  and  more- 
over it  is  not  true.  The  only  specimens  borrowed  of  the  Sur- 
vey, having  the  remotest  relation  to  Rhynobolus,  were  of  ?Vi'- 

*  If  the  fact  of  being  on  sale  with  bookaellers  is  necessary  for  publioatioD,  the 
question  could  certainly  be  raised  re^^arding  all  tlie  State  Museum  Reports;  tot 
Uie  State  of  New  York  has  never  authorized  their  sale. 
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merellcu  I  wished  to  compare  authentic  specimens  of  the  latter 
with  DinobohiSj  which  under  the  name  oi  Oholus  Gonradi  had 
been  stated  by  Mr.  Dall  to  be  a  true  Trimerella.  The  idea  of 
designedly  keeping  Mr.  Billings  in  ignorance  of  what  I  had 
done  would  have  been  simply  silly  ana  purposeless. 

The  question  regarding  these  oboloid  forms  had  occupied 
my  attention  for  a  long  time ;  and  in  1862,  I  wrote  to  Mr. 
Davidson  my  views  of  0,  Conradi*  sending  a  description  and 
figurea  Thus  this  was  no  new  idea  of  mine ;  but  the  progress 
of  my  work  in  1871  required  some  action  on  niy  part  m  order 
to  prepare  the  supplementary  plates  of  voL  iv,  ral  N.  Y.,  and 
these  were  among  the  things  to  be  first  dona  Obelus  Canaden- 
sis I  did  desire  to  see,  for  I  had  known  since  1854  that  it 
was  a  new  and  distinct  genus ;  and  Mr.  Selwyn  did  say  that 
Mr.  Billings  was  at  work  at  0.  Canadensis^  but  did  not  mention 
any  Gait  specimens  or  species.  Mr.  Billings  says  that  his 
genus  Obolellina  "  is  intended  to  include  at  least  one  of  the  forms 
described!^  by  him  as  ^^  Oholus  Canadensis^  It  may  include  also 
Rhtnobolus,  but  I  think  that  has  not  yet  been  shown  by  Mr. 
Billings'  figurea 

As  an  explanation  of  applying  on  "  two  occasions,"  I  may 
say  that  I  understood  Mr.  Selwyn's  reply  to  my  first  letter  to 
be  a  refusal,  and  the  matter  was  of  course  dropped.  Subse- 
quently, Dr.  T.  Sterry  Hunt,  authorized  by  Mr.  Selwyn,  gave 
an  explanation  which  induced  me  to  renew  the  request  I  was 
taking  no  advantage  of  Mr.  Billings  in  any  way,  for  neither 
himself  nor  Mr.  Selwyn  had  indicated  his  intention  in  regard  to 
Gait  specimens,  and  those  which  I  used  had  been  in  my  pos- 
session since  1848. 

As  to  the  compact  or  agreement  about  describing  New  York 
or  Canadian  fossils,  referred  to  and  written  about  by  Mr.  Bil- 
lings, I  can  only  say  that  I  never  heard  of  it  before  now.  I  have 
alwav  had  in  mv  collections  undescribed  species  of  Canadian 
fossils,  which  I  have  refrained  from  describing  from  a  natural 
sense  of  propriety.  If  I  am  not  mistaken,  Mr.  Billipgs  has 
derived  much  material  from  New  York,  by  collectors  sent 
expressly  for  that  purpose,  and  I  have  no  doubt  has  made 
good  use  of  it ;  but  1  have  never  thought  of  complaining ;  and 
I  have  not  entered  into  petty  contrivances  or  insinuations  to 

[prevent  fossils  going  into  his  hands.  If  Mr.  Billings'  pub- 
ished  statements  and  private  letters  agree  in  regard  to  this 
matter,  it  is  all  that  I  can  require. 

♦  In  my  letter  to  Mr.  Davidson,  of  date  3l8t  October,  1862.  I  wrote—"  I  enclose 
yoQ  drawing^  of  what  I  have  proposed  as  a  new  ^enus  of  Brachiopoda.  In  some 
iMpectn  it  is  like  Obolus,  but  is  a  large  calcareous  shell,  in  my  opinion  of  quite  a 
Dew  type.  I  had  origrinally  communicated  the  description  in  my  Wisconsin  Report, 
^  afterward  withdrew  it.  Please  give  me  your  opinion  of  it  *  *  *  I 
propose  the  name  Oonradia  for  this  fossil" 
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In  my  letter  to  Mr.  Selwyn,  of  the  10th  of  April,  1871, 
alluding  to  my  work,  I  said,  "  The  question  of  the  Xiinguloid 
shells,  Obolus  and  Trimerella,  was  one  requiring  early 
determination ;"  and  it  was  for  this  reason  that  I  had  desired  to 
see  the  Canadian  forms.  I  was  certainly  under  the  impression 
that  I  had  previously  given  Mr.  Selwyn  full  information  of 
what  I  proposed  to  do ;  but  if  otherwise,  this  letter  of  the  10th 
of  Apnl  was  sufficient;  and  if  after  that  no  pamphlet  was 
received,  it  seems  a  little  remarkable  that  Mr.  Billings  should 
wait  till  the  30th  of  January  following  before  making  any  fur- 
ther inauiries  about  it 

On  tne  28d  of  February,  1872,  during  my  absence  from 
Albany,  a  letter  was  received  from  Mr.  Davidson,  of  date  Feb- 
ruary 8th,  in  which  my  attention  was  called  for  the  first  time 
to  this  question  of  publication.  I  replied,  stating  the  facts  as  I 
have  done  here.  In  a  subsequent  letter,  Mr.  Davidson  dis- 
cussed more  fully  the  refusal  of  Mr.  Billings  to  admit  publi- 
cation, and,  as  I  understood  the  language,  had  proposed  to  refer 
the  matter  to  several  scientific  gentlemen  in  England.  I  wrote 
quite  agreeing  to  this,  and,  while  feeling  no  doubt  of  the  pub- 
lication of  my  pamphlet,  proposed  a  plan  in  which  I  consented 
to  drop  the  name  Rhynobolus,  thus  hoping  to  prevent  a  con- 
troversy, and  saving  the  amour  propre  of  Mr.  Billings.  In  the 
mean  time  Mr.  Billings  published  the  article  in  this  Journal, 
and  I  wrote  immediately  withdrawing  the  proposition. 

The  public  have  here  the  facts.  I  have  not  been  aware  of 
any  **  unfortunate  collision,"  nor  of  any  cause  for  the  succes- 
sion of  statements  in  the  last  page  ana  a  half  of  Mr.  Billings 
article  against  me,  that  **  it  is  not  my  fault  that  this  difficulty 
has  arisen,"  etc. 

It  has  unfortunately  happened,  in  nearly  all  cases  where  I 
have  proposed  new  genera  diiring  the  last  ten  or  fifteen  years, 
that  I  have,  according  to  Mr.  Billings'  expressed  opinions, 
infringed  upon  his  rights,  or  violated  some  rule  of  scientific 
procedure.* 

I  fully  admit  that  the  party  at  fault  in  this  or  any  other  case 
should  be  the  sufferer.  Mr.  Billings  has  inaugurated  and  thus 
far  managed  both  sides  of  what  he  denominates  "  this  controv- 
ersy," with  his  usual  tact  and  adroitness.  I  have  said  nothing, 
while  he  has  published  I  believe  three  or  four  articles  on  the 
subject.  I  have  entered  into  no  controversy,  and  hope  to  be 
saved  from  one.  It  will  not  distress  me  if  my  name  of  Rhyno- 
bolus should  not  be  adopted.  Unquestionably  the  pamphlet 
should  have  been  reprinted  at  once  alter  the  fire ;  but  in  such  a 
condition  of  things  as  then  existed,  every  one  is  naturally  ab- 
sorbed in  ivhai  appears  to  be  the  present  duty^  and  may  easily  for- 

*  JPor  example,  Triplbsia,  Renssklaeeia,  Mebistblla,  Strophodosta,  etc 
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get  some  things  which  afterward  mav  prove  to  have  been  of 
more  imperative  importanca  I  thinlt  this  is  the  experience  of 
the  world,  judging  from  the  aphorisms  ancient  and  modem. 

I  can  say,  however,  in  all  smcerity,  that  had  Mr.  Selwyn  or 
Mr.  Billings  at  any  time  made  me  a  civil  statement  of  the  facts, 
with  a  request  to  withdraw  the  name  Rhynobolus,  I  would 
unhesitatingly  have  done  it,  so  far  as  in  my  power;  and  it 
would  have  given  me  great  pleasure  to  show  my  good  will 
toward  every  member  of  a  corps  with  whose  former  chief  I 
have  been  for  more  than  thirty  years  in  uninterrupted  friendly 
and  harmonious  intercourse ;  and  always  in  more  or  less  inti- 
mate relations  of  friendship  with  every  member  of  the  staff, 
except  Mr.  Billings,  who  has  chosen  for  himself  an  attitude  of 
hostuitv  without  any  reason  or  cause  of  provocation  on  my 
part 

With  regard  to  the  accusations  and  insinuations  of  dishonest 

furposes  and  practices,  to  which  I  at  first  felt  inclined  to  reply, 
shaU  say  nothing  at  this  time. 

Albany,  N.  Y.,  May,  1872. 


Art.  XIX. — On  tf)e  Corundum  region  of  North  Carolina  and 
Oeorgta^  with  descriptions  of  two  gigantic  crystals  of  that  species  ; 
by  Chables  Upham  Shepard,  Sr.,  Prof  of  Natural  History 
in  Amherst  College,  Mass. 

CJoBUNDUM  has  been  recognized  for  above  thirty  years  at 
several  of  the  gold  washings  in  the  mountainous  counties  of 
North  Carolina  and  Georgia,  though  rarely  occurring  in  masses 
larger  than  would  be  called  a  coarse  gravel.  Upward  of 
twenty  years  ago  I  received  from  Mr.  Plant,  banker  at  Macon, 
Ga.,  an  hexagonal  prism  of  this  mineral  of  a  ruby -red  color, 
measuring  one  and  a  quarter  inches  in  diameter  by  |  of  an  inch 
in  height,  said  to  have  come  from  a  gold  mine  in  Habersham 
Co.,  Ga.  About  the  same  period,  I  was  indebted  to  the  Hon. 
T.  Clingman  of  Asheville,  N.  Car.,  for  several  pounds  weight 
of  a  coarse  sapphire,  derived  from  a  crystal  onginally  ten  or 
fifteen  pounds  weight,  that  had  been  picked  up  at  the  base  of 
a  mountain  on  theTFrench  Broad  river  in  Madison  Co.,  N.  Car. 
No  farther  discoveries  of  the  kind  appear  to  have  attracted  atten- 
tion until  the  last  two  or  three  years.  Within  this  period,  how- 
ever, under  the  stimulus  of  discovering  an  improved  descrip- 
tion of  emery,  many  new  localities  of  corunaum  have  been 
brought  to  light  in  this  region,  of  two  or  three  of  which  I  pro- 
pose to  give  some  account,  derived  from  the  examination  of 
numerous  specimens,  and  from  information  afforded  by  Rev. 
C.  D.  Smith  and  Col.  C.  W.  Jenks  of  Franklin,  Macon  county. 
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N.  Car.,  two  gentlemen  to  whom  we  are  chiefly  indebted  for  the 
developments  thus  &r  made. 

The  corundum  localities  are  already  known  to  occupy  a 
stretch  of  country  at  least  170  miles  long,  with  a  breadth  of 
about  ten  miles.  As  the  region  is  little  inhabited  and  very 
mountainous,  it  is  probable  that  the  corundum  zone,  as  it 
has  been  called,  will  hereafter  be  much  extended.  It  is  situa- 
ted in  a  sub  alpine  country,  partly  within  the  northeastern  cor- 
ner of  Georgia,  and  extending  thence,  in  the  direction  of  the 
crest  of  the  Blue  Bidge,  into  several  contiguous  counties  of 
North  Carolina.  B^inning  for  example,  in  the  northeastern 
comer  of  Jackson  Co.  (N.  Car.),  Mr.  Smith  sketches  it,  as  run- 
ning in  a  southwesterly  course  across  Macon  Co.,  where  it  strikes 
the  Georgia  State  line,  its  general  direction  coinciding  with 
the  trend  of  the  Blue  Ridge  until  it  reaches  the  head  of  Tennes- 
see river,  when  it  suddenly  ceases  on  encountering  the  Nante- 
galee  mountain  (a  spur  of  the  Blue  Ridge  here  running  due 
north),  to  reappear  10  miles  to  the  northwest  on  Buck  creek : 
whence  it  pursues  its  original  course  of  N.E.  and  S.W.  across 
the  Chunckygal  mountains,  where  it  again  enters  the  Blue 
Ridge,  and  probably  continues  through  several  of  the  upper 
counties  of  Georgia,  as  Union,  Habersham,  Lumpkin  and  Hall. 
Thus  far,  the  corundum  is  known  to  occur  only  in  a  single  forma- 
tion, which  may  be  designated  as  chrysolitic  rock;  though 
from  its  color  and  some  other  peculiarities,  it  has  often  been 
confounded  with  serpentine.  Strictly  speaking,  as  will  more 
fully  appear  farther  on,  it  is  not  the  true  chrysolite,  though 
containing  this  species  to  some  extent,  in  an  intermingled  or  dis- 
seminatea  condition. 

This  chrysolitic  rock  does  not  show  itself  as  a  continuous, 
uninterrupted  belt  or  formation,  throughout  the  tract  above  in- 
dicated ;  but  exists  in  lenticular  patches  or  beds,  accompanied 
more  or  less  by  a  homblendic  layer  on  one  side  (the  south- 
east), and  possibly  on  both  sides;  but  the  prevailing  rock  of 
the  region — that  enclosing  the  chrysolitic  as  well  as  the  syenitic 
rock — is  a  gneiss,  somewhat  characterized  by  containing  garnet 
and  stauroUte,  as  well  as  occasional  deposits  of  iron  and  cop- 
per pyrites.  The  interruptions  in  the  Imear  continuity  of  the 
chrysolitic  rock  vary  in  extent,  from  one  to  15  miles ;  though 
these  may  in  some  cases  be  reduced,  after  a  more  careful  survey 
of  the  country.  The  transverse  diameter  of  the  chrysolitic  beds 
varies  from  half  a  mile  to  a  mile,  or  even  more  in  some  places; 
but  narrows  down  to  40  feet  and  less,  as  we  approach  the  run- 
ning out  of  the  discs. 

The  principal  exposure  of  the  corundum  has  been  effected  at 
what  is  known  as  the  Culsagee  mine,  situated  in  the  township 
of  Elegee  (sometimes  written  Elijay)  situate  8  miles  S.E.  from 
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anklin  Court-house,  in  Macon  Co.  This  is  the  center  of  oper- 
ions  of  the  American  Corundum  Co.,  whose  works  are  super- 
tended  by  CoL  C.  W.  Jenks.  The  chief  excavations  have 
en  made  on  the  northern  slope  of  a  mountain,  at  an  elevation 
about  2,700  feet  above  tide  water.  The  strata  here  devel- 
»ed  dip  to  the  N.W.  at  an  angle  of  about  45°,  and  exhibit 
e  following  order  of  formations,  commencing  on  the  N.W. 
ie  of  the  opening : — 1,  chrysolitic  rock  somewhat  mixed  with 
ithophyllite ;  2,  a  layer  of  micaceous  rock ;  8,  a  seam  of  chal- 
dony ;  4,  a  stratum  of  chloritic  rock  (ripidolite) ;  5,  the  same, 
rough  which  the  corundum  is  irregularly  diffused,  sometimes 
narrow  veins  or  widening  out  to  several  feet  The  chloritic 
^ers  4  and  6  do  not  possess  the  character  of  a  true  chlorite- 
ite,  but  constitute  rather  a  coarse  rock,  in  which  the  chlorite 
ipidolite)  is  mostly  in  large  crystals  and  foliated  masses,  segre- 
ited  without  order,  much  as  mica  is  in  large-grained  granites ; 
it  what  is  here  chiefly  remarkable  is,  the  entire  absence  of 
tartz.  Narrow  veins,  containing  besides  the  chlorite  and 
•rundum,  a  dark  blackish  green  spinel  (mostly  massive),  more 
less  minffled  with  black  tourmalme,  traverse  layers  4  and  6, 
various  directions.  The  workings  have  been  carried  down 
a  depth  of  above  50  feet,  and  extend  over  a  considerable 
ace,  without  thus  £Eir  establishing  the  existence  of  a  concen- 
ited  stratum  or  vein  for  the  corundum,  similar  to  that  at  the 
lester  (Mass.)  emery  mine.  I  have  not  been  informed  as  to 
e  underlying  rock  of  the  above  mentioned  strata,  but  sup- 
»e  it  to  be  chrysolitic,  which  I  am  led  to  infer  is  the  bound- 
g  formation  of  the  corundum  series,  just  as  gneiss  rock  is  of 
e  chrysolite  and  syenite  themselves.  I  am  not  accurately 
formed  either  respecting  the  aggregate  thickness  of  the  layers 
K)ve  mentioned,  but  infer  that  they  are  frova  12  to  20  feet. 
8  to  their  linear  prolongation,  nothing  is  yet  established ;  but 
is  quite  probable  that  it  is  not  very  considerable  in  propor- 
)n  to  the  thickness  of  the  beds;  and  it  is  most  likely  that  the 
»rundum-bearing  layers  themselves  will  be  found  to  consti- 
te  a  series  of  ovoidal  or  discoidal  masses,  often  repeated  over 
e  chrysolic  tract,  inasmuch  as  the  under  soil  and  the  beds  of 
e  brooks  largely  afford  traces  of  a  corundum  sand  and  gravel, 
at  must  have  originated  from  outcropings  similar  to  that  of 
e  Culsagee  mine. 

I  am  informed  by  CoL  Jenks  that  the  corundum  occurs  under 
jry  similar  circumstances  at  the  Rabun  Co.  (Ga.)  locality,  sit- 
ited  on  the  road  from  Walhalla,  S.  Car.,  to  Franklin,  and  10 
'  16  miles  to  the  S.E.  of  that  above  described.  At  the  Culla- 
mee  (sometimes  written  Cullakenih)  mine,  on  Buck  creek,  in 
lay  Co.,  and  about  15  miles  to  the  S.W.  of  the  Culsagee,  the 
)rundum,  though  contained  in  the  same  chrysolitic  rock,  is  nev- 
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ertheless  attended  by  quite  a  diflferent  series  of  miDeral&  Th« 
outcrop  extends  over  tnree  hundred  acres.  Arfvedsonite,  zoi 
site,  aloite  and  margarite  are  here  found  as  its  most  frequem 
attendants.  The  corundum  is  either  white  or  gray  like  com 
mon  feldspar,  or  else  a  delicate  and  often  deep  ruby-red  color 
No  tourmaline  or  spinel  have  thus  far  been  noticed,  thougl 
occasional  detached  specimens  of  picrolite  in  long  and  ratha 
coarse  fibres  are  here  found. 

After  this  outline  of  the  leading  geological  features  of  the 
corundum  formation,  we  proceed  to  speak  of  it  mineralogically: 
and  first,  it  will  be  appropriate  to  treat  of  the  constituents  OJ 
the  chrysolitic  rock  As  a  whole,  it  has  nothing  but  color  tc 
assimilate  it  to  serpentina  Indeed  it  more  resembles  a  certain 
fine  granular  variety  of  epidote, — ^its  color  often  bordering  cud 
uistachio-green.  Even  where  most  exposed  to  the  weather,  iti 
nardness  =5'0  to  6'5 ;  and  in  no  instance,  so  far  as  I  have  seen, 
does  it  emit,  on  being  moistened,  the  peculiar  odor  of  serpen- 
tine. Where  a  partial  decomposition  has  taken  place,  we  onlj 
see  a  thin  crust  or  coating  of  a  ferruginous  powcier  on  the  snr- 
faca  Nothing  soft  or  talcy  appears,  or  any  change  indicating 
a  metamorphosis  to  serpentine.  Though  usually  quite  homo- 
geneous, it  still  contains  in  places  considerable  grains  of  true 
chrysolite,  having  the  hardness  and  other  properties  of  the 
unchanged  speciea  It  also  embraces  occasionally  broad  bladed 
crystals  of  that  variety  of  anthophyllite  known  as  gedrite ;  and 
also  has  diffused  through  its  mass,  very  generally,  minute  octa- 
hedral crystals  of  chromite.  Almost  the  entire  aggregate,  how- 
ever, consists  of  what  some  would  denominate  an  altered  chry- 
solite, while  others  again  may  prefer  to  regard  it  as  having 
been  originally  formed  as  now  found.  It  nas  the  following 
characters :  Color  yellowish  olive-green ;  structure  fine  granu- 
lar to  compact:  luster  glimmering,  vitreous.  H.=5*5  to  6"0. 
Gr.=3'04  to  8*06.  When  heated  to  redness  in  powder,  it  turns 
pale  cinnamon-red.  Infusibla  Easily  attacked  by  hydrochlo- 
ric acid,  with  which  it  forms  a  stiff  semi-transparent  jelly. 
Composition : 

Silica, 41-49 

Protoxide  of  iron, 8*62 

Magnesia, 44-00 

Water, 569 

99-80 

with  traces  of  the  oxides  of  chrome  and  nickel.  The  forgo- 
ing characters  obviously  place  this  abundant  mineral  under  mc 
species  villarsite. 

The  mineral  next  in  importance  is  the  green  chloritic  one 
already  mentioned  as  the  immediate  gangue  of  the  corunduncL 


C.  U.  Shepard — Cdrundum  of  N,  Carolina  and  Georgia.    118 

is  that  variety  of  chlorite  properiy  called  ripidolite.  Much 
it,  even  to  a  depth  of  60  &et  at  the  Culsagee  miae,  afisumes 
light  pinchbeck  brown  color,  constituting  that  modiiication  of 
nniculite  (itself  a  hydrated  ripidolite),  called  jefferisite. 
lis  brown  mineral  is  in  broad,  highly  crystalline  folisa  and 
f  stals,  often  attached  to  and  forming  portions  of  unaltered 
>idolite,  in  which  cases  they  are  softer  and  more  easily  cleav- 
le  than  the  latter  mineral.  From  this  condition,  they  pass 
sensibly  to  a  pulverulent,  scaly,  clay-like  aggregate,  much 
sembling  the  original  vermiculite  of  Millbury,  Mass.,  except 
possessing  a  lighter  color.  The  ripidolite  has  a  blackish 
iss-green  color,  closely  resembling  that  of  the  corundophilite, 
t  unlike  the  latter,  it  emits  on  bein^  breathed  upon  the  pecu- 
r  chloritic  odor ;  and  before  the  blowpipe  exfoliates,  turns 
lite  and  fuses  on  the  edges  into  a  grayish  white  glass ;  whereas 
nindophilite  does  not  exfoliate,  but  turns  black  and  melts  on 
3  edges  into  a  black  magnetic  glass.  The  vermiculite  (both 
rieties,  the  broad  foliat^  and  the  fine  pulverulent)  exhibits 
heating  the  usual  exfoliation  of  the  species.  The  soft  and 
ghtly  coherent  condition  of  the  vermiculite  where  it  happens 
prevail  in  the  workings,  renders  the  separation  of  the  corun- 
m,  especially  that  of  the  crystals,  easy  ;  whereas  the  ripido- 
e,  when  by  itself,  forms  rather  a  tougn  gangue  rock.  Occa- 
»nally  narrow  seams  of  blue  and  white  halloysite  traverse  the 
isses  of  vermiculite,  among  which  also  occur  greenish-gray 
srstals  of  a  softened  hvdrated  arfsredsonite,  a  very  ambiguous 
neral,  but  recognized  by  its  crystalline  structure  and  easy 
sibility  before  the  blowpipe.  Into  this  aggregate  small  scales 
white  margarite  also  enter. 

The  spinel  appears  to  be  confined  to  narrow  irregular  seams 
a  more  closely  grained  ripidolite,  mixed  also  with  black  tour- 
iline  and  corundum,  which  seams  traverse  irregularly  the 
arser  ripidolite  rock.  Its  color  when  massive  is  almost  black, 
3ugh  its  powder  is  blackish-green.  Before  the  blowpipe,  it 
^es  the  reaction  of  chromium.  It  possesses  the  peculiarity 
len  in  crystals  (octahedra  with  truncated  edges)  of  being 
Inly  coated  or  varnished  as  it  were,  with  a  silky,  pearl-gray 
velope, — ^giving  them  so  much  the  aspect  of  the  altered  zir- 
ns  from  Henderson  Co.,  N.  C,  as  to  have  caused  them  at 
st  to  be  referred  to  that  species.  This  coating  has  about  the 
rdness  of  steatite  or  agalmatolite,  and  probably  also  a  com- 
eition  approaching  one  or  the  other  of  these  substancea 
Quite  different  appear  to  be  the  minerals  associated  with  the 
rundum  of  the  Cullakenee  mine  in  Clay  Ca  Indeed  the 
iriety  of  corundum  differs  considerably  from  that  of  the  region 
jnerally.     It  is  less  perfectly  crystallized,  and  has  a  delicate 
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rose-red  or  pink  as  its  prevailing  color.  The  blue  tints  are 
wanting,  so  far  as  the  specimens  thas  far  submitted  show ;  but 
a  grayish-white,  like  that  of  common  feldspar,  is  the  most  com- 
mon shada  .  The  most  characteristic  associated  species  would 
appear  to  be  arfvedsonite  of  a  gra3rish,  brownish  black  color, 
often  iti  crystals  and  coarse  fibres  interpenetrating  tbe  comn- 
dum.  It  also  occurs  in  short  crystals  and  even  granular,  of  a 
rich  grass-green  color,  coating  or  including  smaU  crvstals  and 
laminae  of  the  ruby, — constitutiuff  a  roct  of  much  beauty. 
This  green  or  chromiferous  arfvedsonite  much  resembles  tfae 
most  highly  colored  variety  of  omphacite,  or  eclogite  with  gar- 
net from  Hof  Bavaria,  but  is  q^uickly  distinguished  tberefirom  by 
its  easy  fusibility,  attended  with  the  soda  colored  flame  so  char- 
acteristic of  arfvredsonite,  in  which  peculiarity  it  precisely  agrees 
with  the  brownish  black  and  more  perfectly  crystallized  variety. 
Instead  of  the  disseminated  garnet  in  the  omphacite,  we  have 
the  beautiful  grains  of  ruby  in  the  present  agCTegate.  Zoisite 
is  the  next  most  characteristic  mineral  of  this  locality.  It 
occurs  in  pretty  distinct  crystals  and  columnar  masses  of  a  pure 
white  or  slightly  grayish  white  color,  sometimes  semi-transpar- 
ent The  more  massive  variety  is  so  intermingled  with  the 
corundum  as  often  to  be  mistaken  for  feldspar.  Albite  is  a 
third  species  that  rarely  enters  into  the  composition  of  the 
corundum  gangue.  Margarite  is  wanting  in  the  variety  found 
in  the  green  arfvedsonite,  though  a  very  deep  sky-blue  kyanite 
occasionally  traverses  the  green  aggregate  m  thin  veina  It 
should  be  mentioned  that  this  peculiar  gangue  of  the  red  corun- 
dum shows  a  decided  stratification  like  certain  varieties  of 
gieiss,  that  also  embraces  granular  epidote,  such  as  occurs  at 
race  mountain,  in  Warwick,  Mass. 

The  foregoing  include  all  the  species  I  have  thus  far  had  sub- 
mitted to  my  notice,  as  belonging  to  the  corundum  formations 
under  consideration.  The  specimens  did  indeed  embrace  sin- 
gle examples  of  a  pale  actinolite,  a  white  radiating  asbestus  and 
an  isolated  crystal  of  rutile,  as  well  as  one  of  a  laige  and  very 
beautifully  colored  epidote,  but  I  am  led  to  infer  that  neither 
of  these  minerals  are  in  any  sense  characteristic  attendants  of 
the  corundum  of  the  region.  One  specimen  of  white,  granular 
dolomitic  limestone,  containing  scales  of  graphite,  was  sent, 
only  as  having  been  found  in  the  vicinity  of  the  Cullakenee 
locality. 

[To  be  oondudecL] 


J.  Tratabridge  on  OhrrCs  Law, 


115 


Art.  XX. — OhvCs  Law  considered  from  a  geometrical  point  of 
view  ;  bv  JoHN  TROWBRIDGE,  Assistant  Professor  of  Physics, 
Harvam  College. 

Ohm's  law  is  briefly  expressed  thus :  the  strength  of  a  cur- 
rent passing  in  any  conductor  of  a  resistance  B  is  equal  to  the 
electromotive  force  producing  the  current  divided  by  the  resist- 

ance  or  S=^.  Let  us  suppose  that  a  certain  quantity  of  elec- 
tricity arriving  at  the  point  O, 
is  transmitted  by  the  conductor 
B  0  C  to  the  surface  B  C.  The 
quantity  passing  through  any 
unit  ajy  of  the  conductor  will 
varv  inversely  as  the  section  b  c, 
and  inversely  as  the  distance  of 
the  section  from  0. 

Hence  we  shall  have  for  an 
expression  of  this  quantity  }= 

Q 

Y  ^  Eq.  (1).  In  which  Q  repre- 
sents the  entire  quantity  passing  through  any  section  S ;  and 
X  is  the  distance  of  the  section  from  0.  If  we  suppose  that 
the  conductor  B  O  C  is  formed  by  the  revolution  of  any  curve, 
whose  equation  is  y=  F  (a:),  about  the  axis  of  X,  equation  (1) 

becomes  j=  — j-.     By  substituting  for  y  its  value  from  the 

equation  of  the  curve  which  generates  the  conductor,  we  shall 
obtain  equations  which  represent,  when  constructed  as  curves, 
the  variations  in  the  quantity  of  electricity  passing  through  a 
unit  section  of  the  conductor. 

When  the  generating  curve  is  y*  =  —  the  equation  becomes 

O  * 

9=  •-==  constant ;  a  straight  line  parallel  to  the  axis  of  X.     If 

^  C 

the  curve  is  an  equilateral  hyperbola,  whose  equation  is  y=— , 

Q  * 

we  shall  have  y=  J^^  =  mx  where  m  is  any  constant     This 


'X 


«' 


is  the  equation  of  a  straight  line  passing  through  the  origin. 
When  the  equation  of  the  generating  curve  is  y=  C  the  con- 
ductor BOG  becomes  a  cylinder ;  and  2=  —where  C  is  any  con- 

X 

slant  This  is  the  equation  of  an  equilateral  hyperbola,  and  is  iden- 
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tical  vith  the  equatioD  S=  ^,  which  is  our  ori^nal  e 

for  Ohm's  law. 

If  we  constmet  the  rarious 
curves    represented    by  the 

equation  S=  ^,  taJriog  X  as 

the  axis  of  resistance,  E  be- 
ing constant  for  each  curve, 
we  shall  have  a  series  of  hy- 
perbolas. 

The  series  of  curves  repre- 
sented in  fig.  2  may  be  called 
isoelectric  curves,  and  present 
some  remarkable  analogies  to 
the  isothermal  curves  of  ther- 
mo-dynamics. 

Let  m— F  (St)  be  the  equation  of  the  curve  a  b.    The  cmre 
ab  will  represent  the  relation  between  the  increase  in  resist- 
ance and  toe  decrease  it  ' 
sion.     The  curve  a' b' 
represent   this    relation    for 
m+dm.    The  two  curves  ab 
and  a'b'  differ  from  each  oth- 
er by  a  constant ;  the  same 
is  true  of  the  curves  a'  a  and 
b'b,  which  are  similar  to  the 
adiabatic  curves  of  thermo- 
dynamics.  Perhaps  the  sub- 
ject is  best  exemplified  by 
an  application  to  the  electro-  -tt 
magnetic  engine. 

"  The  performance  of  external  work  by  an  electro  circuit  pro- 
duces a  counteractive  force  whose  magnitude  is  equal  to  the 
external  work  performed  in  an  unit  of  time  divided  by  tbe 
strength  of  the  current 

"  Let  W  be  the  external  work  performed  in  any  unit  of  tjme 
by  the  engine.  This  gives  rise  to  a  counteractive  force  which 
causes  the  current  to  be  of  less  strength  than  that  which  the 
battery  produces  when  idU.  Let  y  be  the  strength  of  the  cur- 
rent in  the  idle  circuit,  and  i'  the  strength  when  the  work  W 
is  performed  per  unit  of  time ;  then  the  counteractive  force  is 

— ,  and  the  strength  of  the  current  f  is  the  same  as  if  the 
7                                                                                  W 
electromotive  force  instead  of  being  E  were  E ." — {Prof. 
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W.  J.  M.  Bankine  on  the  GeTieral  Law  of  the  Transformation  of 
Energy,  PhiL  Mag.,  185a 

In  fig.  3,  if  we  suppose  that  the  electro-magnetic  engine 
does  work,  the  strength  of  the  current  will  &11  in  passing  from 
the  resistance  O  C  to  O  D,  by  reason  of  the  counteractive  force, 
to  the  lower  isoelectric  curve  ab  ;  and  a' abb'  a'  will  represent 
the  cycle  of  operations  gone  through  by  the  performance  of 
work  and  a  return  to  the  condition  of  an  idle  battery. 

In  fig.  2   a  =  I^p-     ^  thermo-dynamics  a  represents  the 

elasticity  of  a  gas  whose  volume  is  represented  by  the  line  R 
In  electro-dynamics  a  may  be  taken  to  represent  the  capacity 
of  a  circuit,  of  given  resistance,  for  work. 

The  area  of  the  figure  abV  a'  represents  the  work  accom- 
plished in  TOing  through  the  cycle  of  ojperations  abb^a'a.  As 
m  thermo- dynamics  we  shall  have  Q'— Q=  A  F,  where  F  repre- 
sents the  aresLabVa'  and  Q  and  Q'  the  distribution  of  tensions 
When  the  area  F  becomes  infinitely  small  we  have  <iQ=  A  dF, 
and  by  a  discussion  of  this  area  in  reference  to  a  change  from 

m  to  (2 171  it  is  found  that  —=  constant 

m 

In  an  electric  circuit  if  T— (  represents  the  difference  of  poten- 
tial at  any  two  points,  then  we  have  Heat  =  Q'  (T— 4)  or 

7p-~  =  Q'=a  constant  for  any  one  epoch,  and  m  may  be  taken 

to  represent  T— t.  The  remarkable  fiwt  that  the  efficiency  of 
both  the  thermo-dynamic  and  electro-dynamic  engine  is  ex- 
pressed by  the  same  function has  already  been  noticed  by 

Mr.  J.  P.  Joule,  Manchester  Transactions,  voL  x. 


Abt.  XXL — Brief  Contributions  to  Zoology,  from  tlie  Museum  of 
Yale  College.     No.  XXIIL — Descriptions  of  New  North  Amer- 
ican Myrtopods ;  by  O.  Habgeb. 

Thb  Museum  has  lately  received  a  number  of  interesting 
Myriopods  from  various  parts  of  the  country,  collected  in  part 
by  the  writer  while  traveling  across  the  continent  as  a  member 
of  Pio£  Marsh's  Geological  Expedition  to  the  Rocky  Mountains 
and  Pacific  Coast  Owing  to  the  comparative  neglect  of  this 
group  by  entomologists,  a  large  proportion  of  these  species  are 
new,  and  in  the  following  article  a  few  of  the  most  interesting 
and  characteristic  forms  are  described. 
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Lithohi\i8  pinelorurr^  sp.  nov. 

Ferruginous,  head  and  sometimes  a  few  of  the  anterior  sq^- 
ments  of  deeper  color.  Cephalic  segment  polished,  its  posterior 
margin  elevated.  Ocelli  on  each  side  ten  to  fourteen.  An- 
tenna$  polished,  smooth,  except  a  few  scattered  hairs  near  the 
base,  segments  gradually  decreasing  distally,  but  the  terminal 
segment  is  usually  elongated.  Labium  with  a  median  groove, 
a  few  hairs  about  the  dental  lamina ;  teeth  two  on  eacn  side, 
acute  and  spreading ;  there  is  sometimes  a  third  smaller  external 
tooth  on  each  side.  Mandibles  sparsely  hairy.  Alternate 
larger  scuta  polished,  with  the  posterior  and  lateral  maigins 
elevated,  except  in  the  last  two  scuta,  where  the  lateral  maigina 
only  are  elevated,  emarginate  behind,  especially  on  the  poste- 
rior segments.  Excavations  on  the  coxse  small,  nearly  circular. 
Length  15°*™. 

This  species  resembles  L.  pauddens  Wood^  but  is  easily  dis- 
tinguished by  its  smaller  size,  less  number  of  ocelli,  and  by  the 
smooth  and  polished  antennse.  It  was  collected  in  considerable 
abundance  under  the  bark  of  decaying  pine  logs,  bv  Prot 
G.  H.  Collier  and  the  writer,  in  the  valley  of  the  John  Day 
river,  Oregon,  in  October,  1871. 

Oeophilus  gracilis^  sp.  nov. 

Very  light  orange,  head  much  darker,  slender,  smalL  Ce- 
phalic segment  nearly  quadrate.  A  ntennae  hairy,  filiform,  joints 
short  obconic.  Mandibles  unarmed.  Scuto-episcutal  sutures 
distinct  posteriorly.  Feet  pilose,  thirty-nine  or  forty -one  pairs, 
occasionally  forty,  last  pair  thickened  and  elongated.  Stemo- 
episternal  sutures  distinct  Body  slightly  hairy  throughout 
Length,  16°^. 

This  species  is  not  uncommon  under  stones  and  rubbish  in 
moist  places  about  New  Haven. 

Trichopetalum*  gen.  nov. 

Sterna  not  closely  united  with  scuta ;  third  and  fifth  joints  of 
antennae  elongated ;  scuta  furnished  with  bristles ;  no  lateral 
pores ;  eyes  present 

This  genus  belongs  to  the  family  Lysiopetalidce,  and  is  closely 
related  to  Pseudoiremia  of  Cope  (Proc.  Am.  Phil.  Soc.,  vol.  xi, 
p.  179,  1869).  It  difi*er8  from  that  genus  in  having  no  pores, 
instead  of  having  the  "  annuli  with  two  pores  on  each  side  of 
the  median  line."  The  species  further  diner  from  P.  caveniarum 
and  P,  Vudii  Cope  in  having  seven  only,  instead  of  eight, 
joints  in  the  antennae.  In  tuis  point  they  also  diflTer  from 
Spirostrephon  Copei  Packard,  from  the  Mammoth  Cave  (Am. 

*  From  Opi^t  ft  bristle,  and  irfraXov,  a  leaf  or  plate. 


0,  Harger — New  North  American  Myriopoda.  119 

Naturalist,  p.  748,  Dec.,  1871).  It  may  be  remarked  that,  in  the 
descriptions  above  referred  to,  Pro£  Cope,  in  stating  the  relative 
lengths  of  the  joints  of  the  antennae  in  each  of  the  two  species, 
omits  all  mention  of  the  6th  joint ;  and,  in  the  same  manner, 
Pro£  Packard  omits  the  second.  Prof.  Packard's  figures  also 
represent  only  seven  joints  in  the  antennae.  Oraspedosonia,  as 
defined  and  figured  by  Gervais  (Aptferes,  vol.  iv,  p.  119,  plate 
45,  fig.  5),  has  the  sterna  and  scuta  consolidated  into  a  complete 
ring  as  in  Polydesmua  and  lulus^  and  therefore  differs  from  this 
genus,  as  shown  in  plate  ii,  fig.  4,  by  a  character  considered  of 
family  importance.* 

Trichopeialum  lunatum^  sp.  nov.     PL  II,  figa  1-4. 

Dirty  white,  banded  transversely  and  mottled  with  light 
brown  anteriorly.  Segments  28 ;  males  with  45,  females  with 
46  pairs  of  le^  Head  large,  dilated  laterally,  covered  with 
short,  erect,  bnstly  hairs.  Eyes  (fig.  2)  of  10  ocelli,  in  a  lunate 
eroup,  convex  toward  the  bases  of  the  antennae.  Antennae 
(fig.  2)  pilose,  seven-jointed;  the  joints  measure,  the  first  07"", 
second  10™,  third  -28™,  fourth  -ll™,  fifth  -22™,  sixth  -09™, 
seventh  -07™".  First  scutum  semicircular,  with  the  posterior 
margin  slightly  concave.  Near  the  outer  angles  of  this  scutum 
are  two  small  tubercles  on  each  side,  each  bearing  a  stout 
bristle,  and  higher  up  a  third  tubercle  on  each  side  bears  also  a 
bristla  The  remainmg  scuta  (fig.  4)  throughout  are  furnished 
with  three  bristles  on  each  side,  springing  from  tubercles,  the 
two  lower  being  approximate  and  situated  on  the  upper  surface 
of  the  short  lateral  processes,  and  the  third  higher  up  on  the 
scutum.  On  a  few  of  the  posterior  segments  these  bristles  are  in 
a  transverse  row,  and  on  the  last  scutum,  which  is  broad  and 
truncate,  the  two  inner  ones  are  thickened  at  their  basea 
There  is  an  impressed  dorsal  Una  Legs  slender,  white,  hairy, 
with  the  penultimate  joint  lengthened.  The  under  side  of  the 
seventh  segment  of  the  male  (fig.  8)  is  furnished  anteriorly 
with  a  pair  of  appendages  directed  backward  and  curved 
upward;  and  posteriorly  with  a  pair  of  cylindrical  jointed 
organs,  directed  horizontally  outward,  tipped  with  a  short 
bnstle,  and  appearing  like  modified  legs  of  the  posterior  sub- 
s^ment.  In  crawling  these  organs  have  a  motion  similar. to 
that  of  the  basal  joints  of  the  adjacent  lega     Length  6™™. 

This  species  is  not  uncommon  under  or  among  decaying 
leaves  in  moist  woods  about  New  Haven. 

*  Since  the  above  was  in  type  Prof.  Cope,  in  an  article  on  the  Wjandotte  Cave 
and  its  Fauna  (Am.  Naturalist,  July,  1872,  p.  414),  has  referred  Spiroatrephon 
{PiBeudoiremia)  Oopei  Packard  to  a  new  genus  Scoterpea^  which  he  characterizes  as 
destitute  of  eyes  and  lateral  pores.  Agreeing  with  Dr.  Packard,  he  also  doubts 
the  validity  of  his  own  geuus  PSeudotremiOj  and  refers  P.  cavemarum  to  SpiroS' 
irq>hon.  The  lateral  pores  of  P.  Vudii  are  thus  left  somewhat  doubtful,  and  with- 
out actual  ezaminatkHi  it  is  impossible  to  decide  whether  or  not  it  ia  congeneric 
with  the  species  of  IHchopetahnn, 
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Trichopetalum  glomercUum^  sp.  nov. 

This  species  is  somewhat  larger  than  the  preceding,  but 
closely  resembles  it,  except  in  the  following  points.  The 
general  color  is  somewhat  darker.  The  eyes  ^L  li,  fig.  6)  of 
19  ocelli  in  a  subtriangular  patch.  There  are  81  segments, 
and  the  fifth  joint  of  the  antennsB  (fig.  5)  is  much  shorter  than 
the  third.  These  joints,  except  the  first,  measure:  second, 
•20°^,  third  40™,  fourth  -24"^,  fifth  -88™,  sixth  -IS"™,  seventh 
•12°*°*.    Length  of  animal,  10"". 

A  single  specimen  of  this  species  was  collected  by  the  writo 
in  the  valley  of  the  John  Day  river,  Oregon,  in  October,  187L 

Trichopetalum  tuhideSj  sp.  nov. 

Animal  with  the  aspect  of  an  lulus,  bein^  destitute  of 
lateral  processes.  Light  chestnut,  with  a  dorsal  yellow  line, 
and  along  the  sides  nearly  obsolete  vellowish  spots.  Segments 
80.  Head  somewhat  dilated  laterally,  sparsely  bristly,  hairy. 
Eyes  triangular.  Antennae  (pi.  ii,  ng.  6)  sparsely  hairy,  fili- 
form, seven-jointed,  fifth  joint  longest  Tne  joints  measure 
respectively,  first  lO™,  second  12"",  third  -21"",  fourth  •12"', 
fifth  -22"",  sixth  -08"",  seventh  -05"".  First  scutum  nearly 
semi-circular,  but  with  the  lateral  angles  acute,  furnished  with 
a  transverse  row  of  six  short  bristles,  as  are  the  other  scuta ; 
these  bristles  are  much  stronger  on  the  posterior  segments,  and 
on  the  anal  segment  two  of  them  are  thickened  at  their  bases. 
Under  a  high  power,  the  scuta  are  seen  to  be  minutely  wrinkled 
transversely  across  the  back,  and  longitudinally  along  the  sides. 
•  Legs  hairy.     Lengtli  8"". 

This  species  was  collected  under  stones  at  Simmons'  Harbor, 
on  the  north  shore  of  Lake  Superior,  by  Sidney  L  Smith, 
Naturalist  to  the  U.  S.  Lake  Survey. 

lulus  furci/er,  sp.  nov. 

Dark  chestnut  brown,  beautifully  ornamented  with  a  black 
dorsal  line,  a  lateral  row  of  black  spots  and  transverse  bright 
yellow  bands,  which  are  very  narrow  and  interrupted  across  the 
back.  Feet  and  under  part  of  body  much  lighter ;  segments 
about  55.  Eyes  triangular,  connected  by  an  impressed  line 
along  the  upper  margin  of  a  dark  band,  which  is  encroached 
upon  below  oy  yellowish  spots.  Antennae  filiform,  pilose  and 
nearly  black  at  tip,  last  joint  very  short ;  scuta  with  impressed 
lines  on  the  sides,  and  under  a  lens  the  surface  of  the  back  is 
seen  to  be  covered  with  minute  oblong  pits ;  anal  scutum  not 
mucronate.  Male  organs  (j)!.  ii,  fig.  7)  of  three  pieces  on  each 
side  directed  backward,  the  outer  (fig.  7,  a)  cylindrical  and  dis- 
tally  hairy  on  the  inner  side ;  within  this  is  a  much  larger  piece 
^^  7,  b)  in  the  form  of  an  elongated  narrow  plate  bent  around 
^■jbust  spine  (fig.  7,  c),  which  is  the  inner  and  at  its  base  the 
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per  of  the  three  pieces,  and  is  unequally  forked  at  the  tip, 
icre  it  is  inclosed  by  the  larger  pieca     Length  86™°*. 
This  beautiful  species  was  collected  by  Prof  G.  H.  Collier 
d  the  writer  in  the  John  Day  valley,  Oregon,  in  October, 
71. 

iydesmus  armaius,  sp.  nov. 

Color  various  shades  of  chestnut  brown  or  sometimes  oliva- 
>us,  with  the  lateral  laminse  and  tip  of  anal  scutum  yclloW  ; 
few  of  the  posterior  scuta  are  sometimes  lighter  colored  than 
3  others.  The  inferior  border  of  the  face,  and  the  basal 
nts  of  the  antennsB  are  yellow ;  distally  the  antennae  are  much 
rker.  The  anal  scutum  is  much  prolonged  into  a  truncated 
ne.  The  large  male  appendages  (pL  ii,  fig.  8)  are  hairy  at 
5ir  base,  and  consist  of  two  principal  portions ;  the  larger  and 
ler  (fig.  8,  a)  is  cylindrical  for  the  first  third  of  its  course,  and 
ected  downwara,  inward,  and  forward ;  it  then  becomes 
aelliform,  and  sends  inward  and  upward  a  much  excavated 
yoeas  (fig.  8,  c),  distally  a  smaller  and  less  excavated  one 
;.  8,  d),  and  is  at  this  point  contracted,  but  expands  so  as  to 
minate  in  a  much  bent  plate.  The  other  portion  (fig.  8,  b) 
1  long  curved  spine  on  a  bristly  cylindrical  base,  arising  a 
Je  behind  and  outside  of  the  former,  and  curving  spirally 
mnd  it,  so  that  its  attenuated  tip  is  received  in  the  excavatecl 
x^ess.  A  small  stout  hooked  spine  (fig  8,  e)  is  nearly  con- 
Jed  by  the  bristles  that  spring  from  the  base  of  the  larger 
ne.     Length  28™. 

Phis  species  resembles  P.  Haydenianus  Wood,  but  may  be 

once  distinguished  by  the  much  produced  anal  scutum,  and 

the  male  organs.     It  was  collected  in  the  John  Day  valley, 

egon,  by  Prof.  G.  H.  Collier  and  the  writer,  in  October,  1871. 

Tale  College,  New  Haven,  Conn.,  June  27,  1 872. 

Explanation  of  Platb  II. 

ore  1.  THchopetailum  lunahim,  female,  magnified  16  diameters. 

"     2.  Antenna  und  right  eye  of  the  same,  magnified  40  diameters. 

"     3.  Inferior  yiew  of  seventh  segment  of  male  of  the  same,  magnified  40 

diametera 
*'     4.  Diagram  of  transverse  section  of  segment  of  the  same,  magnified  30 

diameters. 
*'     6.  THchopdalum  ghmeraium.      Antenna  and  right  eje,    mag^fied    26 

diameters. 
*'     6.  IHchapetdktm  ivioidea.    Antenna,  magnified  26  diameters. 
^'     7.  luMis  fwrcifer.    Male  appendages  of  left  side,  magnified  20  diameters, 

seen  from  above;  a,  outer  cylindrical  process;  h,  bent  p!ate;  c,  inner 

foxiced  process.    The  distal  portion  of  this  process  being  concealed  by 

the  bent  plate,  the  corresponding  process  on  the  right  side  is  figured 

in  position. 
"    8.  Bolydeamua  amuUus.     Hale    appendages    of  left    side  magnified  20 

diameters,  seen  from  below ;  a,  larger  process ;  6,  spine-like  process ; 

c  and  df  processes  from  the  upper  surface  of  a;  e,  curved  basal  spine. 
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Art.  XX  IL — Preliminary  Description  of  A^ew  Tertiary 
Mammals;  bv  O.  C.  Marsh.     Part  I. 

The  explorations  of  the  Yale  College  party  in  the  Bocky 
MouDtain  region,  during  the  past  season,  Drought  to  light,  in 
addition  to  the  extinct  Birds  and  Reptiles  already  described  by 
the  writer,  many  interesting  species  of  new  fossil  Mammals, 
and  in  the  present  communication  a  number  of  these  from 
Wyoming  Territory  are  briefly  characterized.  Others  will  be 
noticetl  in  the  succeeding  numbers  of  this  Journal,  and  it  is 
intended,  at  an  early  day,  to  give  a  full  description  with  illtis- 
trations  of  all  the  new  fossil  vertebrates  discovered  by  the  two 
Yale  expeditions  of  1870  and  1871. 

Palccosyops  laticeps^  sp.  noY. 

An  examination  of  the  large  collection  of  mammalian  remains 
from  near  Fort  Bridger,  Wyoming,  now  in  the  Yale  Museum, 
sh'»ws  clearly  that  there  are  at  least  four  well-marked  species 
of  large  pachvdenns  represented,  which  have  hitherto  been 
referred  lo  Palceostjops  paludosus  Leidy.  This  species  was 
established  on  a  number  of  teeth,  more  or  less  imperfect,  which 
were  all  strongly  rugose,  although  evidently  belonging  to  an 
adult  animal  Unfortunately  no  other  portions  of  this  skeleton 
were  secured,  so  that  it  may  be  difficult  if  not  impossible  to 
deiormine  with  certainty  its  exact  specific  relations. 

One  of  the  tro;\sures  obtaineii  bv  the  Yale  expedition  of  1870, 
which  first  explore*!  the  Green  lliver  Tertiary  basin,  was  the 
nearly  co:uplete  skeleton  of  a  species  of  Pal^eosyops,  somewhat 
smaller  than  the  one  descril>eil  by  Dr.  Leidy.  The  animal  was 
a^lult,  wi:h  the  dental  series  in  full  perfection,  although  the 
epiphyses  were  not  completely  coossibed  with  the  vertebrae. 
The  teeth  in  this  specimen  have  ap(.virently  the  same  general 
structure  as  those  in  the  type  of  P.  paiudosuS.  but  differ  in  being 
nearly  smvxMh ;  and  this  is  not  the  result  of  age,  as  this  individ- 
ual was  younger  than  the  original  of  the  larger  species.  The 
I>rx>p^»rtious,  morvover,  given  for  the  molar  described*  (*'22 
iues  roro-and-aft  and  IS  transversely  *\  would  not  apply  to  any 

upper  molar  of 


and  the  zygomatic 
lx>rtion  is  especially 
massive.  The  nasiils  are  narrv^v'aiid  elongaiei.1.  and  more  like 
the  corresivading  bones  in  //lr,u*  than  "those  in  the  larger 
pachyderniSw  They  art^  prvnuineutlv  c^^nvex  iransverselv,  and 
«K»gly  archevi  longitudinally.     The  inner  evlges  are  thicltened 

♦  rtcceedings  Philadelphia  Academr.  ISTO,  |n.  113. 
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at  the  suture,  indicating  a  strong  cartilaginous  nasal 
1.  The  anterior  extremities  are  truncated,  with  the  ex- 
angles  rounded.  The  upper  teeth  form  a  complete  seriea 
.nine  is  large,  and  broadly  oval  at  its  base.     The  outer 

is  the  largest,  and  at  its  posterior  edge  the  premaxillarjr 
triangular  in  transverse  section.  The  sagittal  and  occi- 
rests  are  strongly  developed,  and  the  coronoid  process  of 
v^er  jaw  is  short  and  recurved.  The  remaining  portion  of 
jleton,  which  will  be  described  in  detail  in  the  full  descrip- 
lows  conclusively  that  Paloeosyops  belongs  to  the  Perisso- 
3,  and  not  to  the  Artiodactyl  group  of  mammalia,  as  sup- 
by  Dr.  Leidy. 

Mecuwrementa. 

i  of  entire  upper  molar  series, 166'  °*°*' 

►-posterior  extent  of  three  true  upper  molars, 94* 

►-posterior  diameter  of  last  upper  molar, 36* 

erse  diameter, 40* 

H-posterior  diameter  of  upper  canine  at  base, 29* 

erse  diameter, 22* 

occupied  by  three  right  upper  incisors, 34* 

dX  extent  of  zygomatic  process  of  squamosal, 61' 

erse  diameter  of  both  nasals  near  anterior  margin,.  42* 

between  bases  of  upper  canines, 49' 

between  bases  of  fourth  upper  premolars, 40* 

\  unique  specimen  was  discovered  in  September,  1870, 
A.  EL  Ewing  of  the  Yale  exploring  party.     The  locality 

jar  Marsh's  Fork,  about  jfifteen  miles  from  Fort  Bridger, 

ling.  The  geological  horizon  was  Eocene,  or  lower  Mio- 
Other  specimens  of  the  same  species  have  since  been 

in  the  same  region  by  members  of  both  the  expeditions. 

Telmatherium  validus,  gen.  et  sp.«  nov. 

ew  genus  of  large  mammals,  allied  to  Paloeosyops^  is  indi- 
>y  the  greater  portion  of  a  skull  with  teeth,  and  portions 
jral  otlier  skeletons,  obtained  by  the  Yale  partv  last  year 
Tertiary  deposits  of  the  Green  River  basin,  ^he  denti- 
■  this  genus,  so  far  as  known,  appears  to  be  similar  to  that 
^4jeosyaps ;  but  the  two  may  readily  be  distinguished  by 
tenor  portion  of  the  skull,  which  in  the  present  genus 
3  premaxillaries  compressed,  with  an  elongated  median 
The  zygomatic  arch  is  also  much  less  strongly  devel- 
md  the  squamosal  portion  of  it  is  comparatively  slender, 
present  species  exceeded  in  size  Palceosyops  paludosuSj 
ith  the  exception  of  Titanotheriumf  anceps  Marsh,*  is 

I  Jounialf  vol.  ii,  July,  1871,  p.  35.     Additional  remains  of  this  animal, 

during  our  explorations  last  jear,  show  dearlj  that  it  belongs  to  the 

dea,  as  at  first  suspected.    The  species  may  therefore  be  called  Mastodon 
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the  largest  mammal  yet  discovered  in  the  Fort  Bridger  beda 
The  upper  molar  teeth  have  the  imaer  cones  more  elevated  and 
more  pointed  than  in  Palceosyops^  and  the  basal  ridge  is  well 
developed.  The  last  upper  molar  has  but  a  single  internal 
cone.  The  upper  canines  are  lai'ge,  pointed,  and  nave  strong 
cutting  edges.  The  outer  incisors  are  the  largest,  and  all 
these  teeth  have  a  strong  inner  basal  ridge  The  roof  of  the 
mouth  is  deeply  excavated  between  the  premolars.  The  nasak 
are  decurved  laterally,  and  much  compressed. 

MeaswemenU, 

Extent  of  upper  molar  series, .224*  ■"• 

Extent  of  upper  true  molars, 130' 

Antero-postenor  diameter  of  last  upper  molar, 64* 

Antero-posterior  diameter  of  last  upper  premolar, 28* 

Transverse  diameter, 83' 

Space  occupied  by  three  right  incisors, 47*5 

Antero-posterior  diameter  of  upper  canine  at  base, 27' 

Transverse  diameter, 22* 

Vertical  diameter  of  zygomatic  process  of  squamosal, 34* 

The  specimen  on  which  this  description  is  mainly  based  was 
discovered  in  September  last  by  Mr.  J.  F.  Quigley  of  the  Yale 
party.  The  locality  was  near  Henry's  Fork  of  the  Grreen  River, 
m  Wyoming,  and  the  geological  formation  the  same  essentially 
as  that  near  Fort  Bridger,  which  contained  the  previous  species. 

Limnohyus  robusius^  gen.  et  sp.  no  v. 

Among  the  other  remains  of  large  mammals  in  the  Yale 
Museum,  which  resemble  Paloeosyops  paludosus,  in  their  denti- 
tion at  least,  are  portions  of  several  skeletons  with  the  more 
important  parts  well  preserved.  These  remains  show  conclu- 
sively that  there  are  two  genera  represented  among  them.  One 
of  these  is  doubtless  Palceosyops,  but  the  type  of  that  genus  is 
too  imperfectly  known  to  determine  its  more  important  charac- 
ters. These  two  genera  agree  apparently  in  the  structure  of  the 
anterior  portion  of  the  skull,  but  differ  somewhat  in  their  den- 
tition. In  some  specimens,  which  agree  best  with  Dr.  Leidy's 
original  description  of  Palceosyops  paludosus^  the  last  upper 
molar  has  two  mner  cones,  and  to  this  group  the  name  Palceo- 
syops may  in  future  be  restricted.  The  other  specimens  have 
but  a  single  internal  cone  on  the  last  upper  molar,  and  for  the 
genus  thus  represented  the  name  Limnohyus  is  proposed.  These 
genera  may  be  distinguished  from  Telmatherium  by  the  pre- 
maxillaries,  which  are  short,  stout  and  depressed,  with  a  small 
median  suture.  Other  distinctive  characters  of  the  three  genera 
will  be  given  in  the  full  description. 

The  present  species  may  be  distinguished  from  those  above 
described,  especially  by  the  strong  basal  ridge  of  the  molars. 
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the  last  lower  molar  it  extends  entirely  around  the  posterior 
e.  The  first  of  the  upper  true  molars  has  the  two  inner 
Lcs  nearly  of  the  same  siza  The  small  intermediate  median 
^rcles  are  well  developed  on  the  upper  molars,  and  all  the 
th  are  strongly  rugose,  even  in  fully  adult  animals.  The 
\a\  bones  contract  anteriorly  and  are  rounded  in  front  The 
;er  margin  is  decurved  ana  thickened.  The  premaxillaries 
Lte  by  a  very  short  median  suture,  similar  to  that  in  Pak^o- 
ps  kUiceps,  The  zygomatic  process  of  the  squamosal  is 
ut,  but  much  compressed,  thus  differing  widely  fix>m  both 
'.  species  already  described. 

MuuuremmtB. 

ttero-posterior  extent  of  last  three  upper  molars, 110*  ""*• 

itero-posterior  diameter  of  last  upper  molar, 41* 

Eiusverse  diameter, 43'6 

itero-posterior  diameter  of  last  upper  premolar, 20* 

smsverse  diameter, 26*6 

itero-posterior  diameter  of  last  lower  molar, 61' 

rtical  diameter  of  zygomatic  process  of  squamosal, 84' 

The  specimen  on  which  the  above  description  is  chiefly 
3ed  was  discovered,  in  September  last,  by  Mr.  F.  Mead,  Jr., 
ar  Henry's  Fork,  Wyoming.  Other  specimens  of  the  same 
3cies  were  found  in  the  same  deposits  by  Mr.  G.  G.  Lobdell, 
,  Mr.  G.  M.  Keasbey,  Mr.  O.  Harger,  and  the  writer.  The 
^logical  formation  was  lower  Miocene,  or  Eocena 

Hyrachyus  prtncepsj  sp.  nov. 

This  well-marked  species  includes  the  largest  of  the  Tapiridae 
fc  found  in  this  country.  The  remains  representing  it  indi- 
e  an  animal  nearly  three  times  the  bulk  oi  Lcwhiodcm  Baird- 
lus  Marsh,  and  probably  twice  that  of  the  incuvidual  named 
rrachyus  eocimius  by  Dr.  Leidy.  The  specimens  on  which  the 
»ies  is  based  consist  of  a  nearly  complete  series  of  upper  teeth, 
i  several  lower  molars,  with  the  more  important  parts  of  the 
3leton,  all  pertaining  to  one  animal,  and  remarkably  well 
»erve<L  The  last  two  upper  molars  are  unusually  large  in 
)portion  to  the  rest  of  the  series,  and  have  the  antero-extemal 
te  quite  separate,  and  with  its  apex  incurved. 

Measwementa. 

tent  of  entire  upper  molar  series, 184*    ""• 

tent  of  upper  true  molar  series, 76* 

itero-posterior  diameter  of  last  upper  molar, 21*2 

ftnsverse  diameter, 31' 

Itero-posterior  diameter  of  penultimate  lower  molar,..  28*75 
ansverse  diameter, 17* 
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The  remains  here  described  were  found  by  tbe  writer,  last 
autumn,  near  Henry^s  Fork,  Wyoming,  in  the  same  Tertian 
deposits  that  yielded  the  specimens  alr^idy  noticed. 

Homacodon  vagans,  gen.  et  sp.  iiov. 

A  new  and  very  small  suilline  pachyderm  is  well  represented 
by  the  greater  part  of  the  skull  and  skeleton,  in  excellent  pres- 
ervation. The  animal  was  apparently  allied  to  Byopwdus,  and 
was  somewhat  larger  than  H,  pauhis.  From  that  species,  it  may 
readily  be  distinguished  by  tne  lower  true  molars,  which  have 
the  constituent  cones  isolated,  not  alternate,  and  of  nearly  equsl 
size.  The  inner  anterior  cone  is,  however,  somewhat  the  largest, 
and  is  slightly  bifid.  The  upper  molars,  likewise,  have  Uieir 
cusps  conical,  and  of  similar  siza  The  lower  premolars  are 
compressed,  and  resemble  those  of  some  camivors.  The  skoll 
has  a  well  developed  sagittal  crest  The  astragalus  is  of  tbe 
suilline  type. 

MeatwrmneiUa, 

Antero-posterior  extent  of  the  three  lower  true  molars, 17'5  "■• 

Antero-posterior  diameter  of  last  lower  molar, 7*8 

Transverse  diameter  in  front, 4* 

Antero-posterior  extent  of  three  upper  molars, .-15"2 

Antero-posterior  diameter  of  last  upper  molar, 5*5 

Transverse  diameter  in  front, 6*4 

Length  of  astragalus, 14* 

This  very  perfect  specimen  was  discovered,  in  September 
last,  by  Mr.  G.  G.  Lobaell,  Jr.,  of  the  Yale  party,  near  Henry's 
Fork,  Wyoming,  in  the  Mauvaises  terres  Tertiary  deposits  of 
that  region. 

Limnocyon  verus,  gen.  et  sp.  nov. 

An  interesting  new  camivor,  somewhat  larger  than  a  fox,  is 
indicated  by  the  remains  of  several  individuals,  which  agree 
closely  in  all  respects  excepting  size.  One  series  of  these  re- 
mains includes  the  greater  portion  of  a  skull  with  most  of  the 
upper  teeth  well  preserved.  The  premolars  in  this  specimen 
are  compressed  and  obtuse,  as  in  the  Canidae.  The  first  upper 
premolar  is  large,  and  near  the  canine.  There  are  no  true  sec- 
torial teeth.  The  crowns  of  the  first  and  second  upper  molars 
are  triangular.  The  first  has  a  tubercle  at  each  angle,  and  a 
large  compressed  one  near  the  center.  The  second  molar,  which 
is  the  largest  of  the  series,  has  an  angular  tuberclfe  at  each 
comer,  and  a  large  bifid  cusp  near  the  middle  of  the  crown. 
The  last  upper  molar  is  very  narrow  and  elongated  transversely. 
Its  straight  anterior  margin  is  at  right  angles  to  the  axis  of  tfie 
skull.  The  afiinities  of  this  genus  appear  to  be  with  the  Vi- 
verridaB 
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Meaturemenis. 

Extent  of  last  three  upper  molars, 23*    ""• 

ALDtero-posterior  diameter  of  first  upper  true  molar, 9*6 

Fransyerse  diameter, 8*8 

Antero-posterior  diameter  of  penultimate  upper  molar,..  .10*75 

Fransyerse  diameter, 11' 

^tero-posterior  diameter  of  last  upper  molar, 4*6 

rransyerse  diameter, 12*6 

The  specimens  on  which  this  species  is  established  were  dis- 
covered at  Grizzly  Buttes,  near  Fort  Bridger,  in  September 
last,  by  Mr.  J.  F.  Quigley  and  the  writer. 

Viverravtis  gracilis,  gen.  et  sp.  nov. 

A  much  smaller  camivor,  about  the  size  of  the  common 
nink,  is  represented  in  our  collections  by  two  lower  jaws  with 
beeth,  and  a  sectorial  upper  molar  of  one  individual,  and 
portions  apparently  of  several  others.  The  lower  jaws  in  this 
zenus  are  long,  very  slender,  and  compressed;  the  last  two 
lower  molars  are  tubercular.  Both  have  the  posterior  part  of 
the  crown  quite  low,  and  the  anterior  half  elevated,  ana  com- 
posed of  three  angular  cusps.  The  four  teeth  anterior  to  these 
Bu*e  much  compressed  The  upper  flesh  tooth  closely  resembles 
that  in  some  of  the  Viverridfle,  and  the  genus  should  probably 
be  referred  to  that  group. 

Muuur&ments, 

Extent  of  pre-molar  and  molar  series  of  lower  jaw, 28*  "*™* 

Extent  of  last  three  lower  teeth, 16* 

Antero-posterior  diameter  of  last  lower  molar, 4*5 

Greatest  transverse  diameter, 2-6 

Antero-posterior  diameter  of  penultimate  lower  tooth, 5*2 

Greatest  transverse  diameter, 3*4 

Antero-posterior  diameter  of  upper  sectorial  molar, 7* 

The  type  specimen  of  this  species  was  discovered  at  Grizzly 
Buttes,  Wyoming,  last  autumn,  by  G.  G.  Lobdell,  Jr.,  of  the 
Yale  party. 

Nyctitherium  velox,  gen.  et  sp.  nov. 

One  of  the  most  interesting  discoveries  of  the  last  Yale 
expedition  in  the  Tertiary  of  Wyoming,  was  the  remains  of  a 
species  of  bat,  which  is  of  special  importance,  as  no  fossil 
specimen  of  Cheiroptera  has  nitherto  oeen  detected  in  this 
country.  The  most  characteristic  specimen  obtained  is  part  of 
a  lower  jaw,  with  the  last  three  molars  in  perfect  preservation. 
This  firagment  indicates  an  animal  about  the  size  of  Scotophilus 
fuscus,  and  the  teeth  resemble  those  in  that  genus,  but  are 
not  so  wide.  They  have  a  distinct  basal  ridge  externally.  The 
jaw  below  the  teeth  is  much  compressed,  and  its  lower  border 
slightly  convex  longitudinally. 


128  0.  C  Marsh — New  Tertiary  Mammals, 

Afeaauremenig. 

AuterivjH^sterior  extent  of  last  three  molan, 5*    ■■• 

Aiitei\>-postorior  diameter  of  last  lower  molar, 1*^5 

Transverso  iliami'ter, 1- 

Autero-posterior  diameter  of  penultimate  lower  molar,..  1*85 

Transverso  diameter, 1*1 

Depth  of  jaw  below  last  molar, 2' 

The  remains  on  which  this  species  is  based  were  found  by 
the  writer,  in  September  last,  near  Henry's  Fork,  Wyoming, 
The  tonnation  is  Eocene,  or  lower  Miocene. 

Xycti'Aeri'um  priscu^,  sp.  nov. 

A  s^miowhat  larger  species,  apparently  of  the  same  genus, 
is  indicatovi  bv  i.>art  of  a  k^wer  jaw.  with  the  penultimate  molar 
(XTtVvL  The  jaw  is  less  compressed,  and  the  tooth  proportion- 
ally lar^^r  than  in  the  above  specie&  There  is  no  extenul 
l^asal  rivlire* 

Mmuweme%iL 

Antero-postorior  extent  of  last  ihive  lower  molars, 5*5  ■"* 

AniorvvfK^sterior  diameter  of  |vnultimate  lower  mcdar,..  2* 

Transveree  diameter 1-5 

IVptb  of  lower  jaw  K?low  las:  molar, 2.5 

TV.is  ir.:orvs:iuir  <iw::r.e::  w;is  louc-i  bv  Mr.  G.  G.  Lobdell, 
Jr..  «is:  a,::;;:::::,  a:  mo  Sii":e  Ixwlity  as  the  preceding  species. 

r.i'i'.iv  .<  •:.::'.:>;>•.  xren.  e:  sr^.  nov. 

A  verv  s:::aV.  :r.<eo::v."r.  ;ivvare-:lv  allie^i  to  the  moles,  is 
w^".l  rvv'res<'v.:o.l  Vv  >tvt:ul  :ra^u:e-:s  o:  lower  jaws  with  teeth, 
&V.A  vTv^Viil  *v  *:v  >.  v..^-  :>.^l;;:c-.i  *,:vi>:r  :r.:'.ar5w  Two  character- 
:>:>.'  >iw'::i;o::s  or*  :-;"xx?  rvi-iuui^  were  :oani  together,  and 
,:.^v.'  :'.;:>s  lvlv^r.p>-:  :o  :l:i  s:;::.;:  a::i:i.al.  w'nioh  was  about  the 
>-*:  . :'  ,s  iv.v -.i^^*.  O:;-:  o:  :..-:<*'  is  rar:  o:  a  lower  jaw.  containing 
:>.i  r.r<:  x::.l  :!^\vr..:  :r,:o  in.lir^:  :'r.e  o:her  is  an  anterior 
ivr:-.,^v.  ^::'::  v-v.ly  :.,-:  *.,vs:  y?ezi:'.ir  :»  p,>?i:ioa-  The  lower 
:v.:..-::^  t^^?-;'"':'.;'  c\:.  tv.;. 7. v  :*:;;«'  ;:  T-Vc  c-:  on  the  inner 
s:.:;  ATv  u::?:'  l:k;  rV.^ck:  ,':"  S-v:'-:^^;  :JieT  have  no  external 
co^ul  r.-Uv.  r  -;  ";-v;7  \*.  v<  ,sj\  :...re  slfz.:er  sri  compressed 
;hidk:'.  :>..>s;    -v.  :v.,\>:  r\v::::  :v.5ev:::v:r5w     Tlie  lis:  premolar  is 

iWl^  — '^'*«*?t"\l     * I*' *■•;>■ 

Jixxr>y^:^  er  .*T  « \ :  i  u :  ,- :'  r  :^i^  :  *■ ,  1 .'  '«r  -  r  n-:  ".ir^ 3.9  =■• 

Air* r> Vits: ;; r •.  r  v iiv .  :< r  / •*  -.-n :  u.'.: .rjii:?  1 : tt r  zs-:- jir, . .  To 

IV wi  .*:';»**  Sil'.*  -  •.■<  vu  : iv.-.i:^  :v. : '  tr 2* 

IV VC2  :i  'A»*  ':«: -■  ■  '^    *s:  *. .■  w ; r  v "^-.lu .* "ir 2* 

Tie  r»"->r  s^xv  "-u;:-  .:"  :1  >  >-.^:  ;s    v-*,?  r-:i2.i  :t  ;he  writer. 
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SCIENTIFIC    INTELLIGENCE. 
L  Chbmistry  and  Physics. 

1.  An  saqpsriment  in  reference  to  the  question  as  to  Vapor- 
vesicles;  by  T.  Plateau. — From  a  research  of  M.  Duprez,*  it  is 
knowa  that  when  a  vessel  of  water  is  inverted  with  the  opening 
downward,  it  is  not  necessary  that  this  opening  be  very  narrow 
for  the  water  to  remain  suspended.  M.  JDuprez  kept  water  sus- 
pended in  a  vertical  tube  which  was  nearly  20  millimeters  in  inter- 
nal diameter. 

Assuming  now  that  when  water  is  hanging  in  such  a  tube  with 
the  surface  downward  a  small  hollow  air-bubble  is  brought  into 
contact  with  this  surface,  the  air  in  it,  in  virtue  of  the  pressure  of 
the  envelope,  will  immediately  penetrate  into  the  interior  of  the 
liquid,  and  will  rise  in  it  in  virtue  of  the  smaller  specific  gravity. 
This  I  have  confirmed  by  means  of  an  experiment.  I  took  a  small 
glass  tube  of  about  4  mUlims.  diameter  in  the  clear,  drew  it  out  at 
one  end  to  an  aperture  of  about  0*4  millim.  diameter,  and  closed 
the  wider  end  by  a  cork  coated  with  grease.  By  touching  the 
drawn-out  end  with  a  piece  of  filtering  paper,  which  was  soaked 
with  distilled  water,  I  succeeded  in  bringing  into  the  narrow  aper- 
ture a  column  of  this  liquid  not  more  than  a  millimeter  in  length. 
By  carefully  depressing  the  cork,  a  hollow  bubble  is  seen  to  form 
at  the  drawn-out  aperture,  which  may  have  a  diameter  of  less 
than  a  millimeter,  and  usually  lasts  seven  or  eight  seconds.  In 
this  operation  the  wider  part  of  the  tube  must  be  covered  with 
several  layers  of  a  non-conducting  material  in  order  to  eliminate 
the  influence  of  the  warmth  of  the  fingers.  After  having  thus  ac- 
quired the  power  of  procuring  very  small  hollow  bubbles,  water 
was  suspended  in  a  tube  kept  vertical  by  a  suitable  stand.  The 
internal  diameter  of  this  tube  was  only  a  centimeter ;  and  with 
such  a  small  diameter  the  suspension  is  very  easy.  It  is  only 
necessary,  after  filling  the  tube  with  water  and  closing  the  mouth 
with  a  piece  of  paper,  to  invert  it  and  then  draw  the  paper  aside 
to  get  a  free  surface ;  a  hollow  water  bubble  of  less  than  a  milli- 
meter diameter  is  then  produced  as  described  above,  and  brought 
to  the  free  surface  of  the  suspended  water.  When  they  are  in 
contact,  the  bubble  detaches  itself  from  the  drawn-out  tube ;  the 
air  contained  in  it  penetrates  and  ascends  in  the  liquid.  The 
experiment,  repeated  several  times,  always  gave  the  same  result. 

Let  us  now  assume  that  at  a  certain  distance  below  the  surfEice 
of  the  suspended  water  there  is  a  current  of  visible  aqueous  vapor ; 
if  this  vapor  consists  of  vesicles,  each  of  them,  on  coming  into  con- 
tact with  the  surface,  will  introduce  a  microscopic  air-bubble  into 
the  water,  which  will  immediately  ascend  in  it ;  and  the  whole  of 

*  '*  M^m.  miT  un  cas  particulier  de  T^uilibre  des  liquides,"  M^m.  de  TAcad^mie 
Roj.de  Belgique,  vol  xxvi,  1851,  and  zzyiii,  1864. 

Am.  Joub.  Sol— Tbibd  Sbbiis,  Vol.  IV,  No.  20.— Aooust,  1873. 
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these  vesicles  will  form  a  cloud  in  the  water  of  the  tube,  which 
slowly  rises  and  destroys  the  transparency. 

M.  Duprez  was  good  enough  to  make  the  experiment  at  my  re- 
quest. The  water  was  suspended  in  a  glass  tube  of  18  Tnillima,  in- 
temal  diameter.  A  small  metal  vessel  with  an  aperture  of  seyenl 
centimeters  diameter  and  containing  a  certain  quantity  of  water, 
was  placed  under  the  free  surface  of  the  water  of  the  tube  over  a 
lamp ;  the  mouth  of  this  vessel  was  about  12  centime,  from  the 
surface.  A  continuous  boiling  was  thus  obtained,  and  a  current 
of  visible  vapor  which  rose  to  the  surface  of  the  suspended  water; 
but  though  the  experiment  lasted  more  than  half  an  hour,  no  cloud 
was  observed  in  tne  water  of  the  tube.  The  vapor  condensed  on 
the  outside  of  the  tube,  and  from  time  to  time  was  wiped  away ; 
but  the  water  inside  retained  all  its  transparency. 

After  this  it  seems  difficult  to  retain  any  doubt  as  to  the  non- 
existence of  the  vesicular  state.  It  seems  to  me,  in  fEU^t,  that  only 
three  objections  could  here  be  raised.  It  might  either  be  said  that 
the  air-bubbles  on  penetrating  into  the  water,  from  their  unusual 
smallness  and  the  very  considerable  capillary  pressure  which  they 
have  to  support  from  the  liquid,  dissolve  in  the  liquid,  or  that  all 
vesicles  burst  on  reaching  the  surface  of  the  water,  or  that  they  roll 
along  the  surface  of  this  uquid,  separated  from  it  by  a  thin  layer  of 
air  or  vapor,  until  they  reach  the  outside  edge  of  the  tube  to  escape 
thence  into  the  atmosphere. 

But  the  first  of  these  assumptions  must  be  rejected ;  for  the 
water  had  previously  been  shaken  with  air  so  long  as  to  be  com- 
pletely saturated,  and,  secondly,  while  it  was  exposed  to  the 
action  of  vapor  it  must  have  lost  whatever  solvent  power  it  pos- 
sessed ;  and,  moreover,  sometimes  even  comparatively  large  ai^ 
bubbles  appear  on  the  upper  part  of  the  inside  of  the  tube,  where 
the  hotter  part  of  the  water  ascends. 

The  second  supposition,  though  not  quite  inadmissible,  is  at  any 
rate  not  very  probable.  We  have  seen  that  our  small  bubhles, 
measuring  less  than  a  millimeter,  do  not  burst  on  coming  into  con- 
tact with  the  surface  of  water ;  why  should  it  be  otherwise  with 
the  vesicles  ?  It  may,  perhaps,  be  urged  that  their  envelope  is  far 
thinner  than  that  of  our  small  bubbles.  But  if  vesicles  exist,  their 
envelope  must  be  so  thick  that  they  are  colorless ;  otherwise  a 
cloud  irradiated  by  the  sun  could  have  no  bright  luster ;  more- 
over, from  the  long  duration  of  large  clouds,  they  must  be  very 
permanent. 

As  regards  the  third  supposition,  is  it  probable  that  all  vesicles 
«ould  roll  along  the  surface  without  touching?  Moreover  M. 
Duprez  ha?  repeated  the  experiment  in  such  a  manner  that  this 
surface  was  concave  and  remained  so  in  spite  of  the  fact  that  the 
volume  of  water  increased  owing  to  expansion  by  heat  and  the 
condensation  of  vapor ;  but  now  in  this  case  a  large  number  of 
vesicles  should  have  rolled  toward  the  apex  of  the  concavity,  have 
accumulated  there,  and  therefore  must  soon  have  placed  them- 
selves in  contact  with  the  fluid  surface :  but  nothing  in  the  result 
was  different ;  no  cloud  disturbed  the  transparency  of  the  water. 
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I  consider  the  above  experiment,  though  not  decisive,  yet  a 
very  powerftil  argument  against  the  hypothesis  of  the  vesicular 
condition. 

*  May  I  here  be  permitted  to  recall  another  experiment,  which  I 
have  described  in  the  eighth  series  of  my  investigation  iSt$r  Us  Jig- 
tares  cTimUibre  (Tune  masse  liquide  sans  pisanteur.  One  of  the 
chief  objections  which  have  been  raised  against  the  vesicular  con- 
dition is,  that  the  air  contained  in  a  vesicle  would  be  exposed  on 
the  part  of  the  fluid  envelope  to  a  considerable  pressure,  the  effect 
of  which  would  be  that  tnis  air  would  gradually  dissolve  in  the 
envelope,  and  would  traverse  it,  by  which  the  vesicle  would  soon 
change  into  a  complete  globule.  But  when  a  laminar  calotte, 
about  a  centimeter  in  diameter,  is  formed  by  means  of  a  solution 
of  1  part  of  Marseilles  soap  in  40  of  water,  and  this  is  allowed  to 
stand  in  an  atmosphere  laden  with  aqueous  vapor,  it  sometimes 
lasts  for  more  than  twenty-four  hours  and  becomes  quite  black. 
At  the  same  time  a  remarkable  phenomenon  is  witnessed ;  the 
calotte  gradually  decreases  and  ultimately  disappears, — from 
which  it  follows  that  the  enclosed  air  has  gradually  traversed  the 
lamina.  This  lamina  is  indeed  far  thinner  than  a  vesicle  would 
be ;  but,  on  the  other  hand,  theory  shows,  from  the  difference  of 
the  liquids  and  the  diameter,  that  in  the  interior  of  a  vesicle  the 
pressure  would  be  more  than  a  thousand  times  as  great  as  in  the 
interior  of  a  calotte  of  soap-solution  at  its  original  dimensions. — 
£ulL  Aead,  Belgique^  vol.  xxxii. — FhU,  Mag.^  IV,  xliii,  816. 

2.  Chi  the  nitrocompounds  of  the  fatty  series, — By  the  action 
of  ethylic  iodide  upon  argentic  nitrite.  Meter  and  Sourer  have 
obtained  a  new  substance  isomeric  with  ethylic  nitrite.  When 
ethylic  iodide  is  poured  upon  argentic  nitrite,  violent  ebullition 
ensues.  To  complete  the  reaction,  the  mixture  may  be  heated  for 
some  hours  with  a  reversed  condenser.  On  distillation,  a  mixture 
of  ethylic  iodide  and  nitrite  passes  over  at  first ;  afterward  the 
new  substance,  which  boils  at  111^-113^  C.  The  authors  eive 
atoB  body  the  name  of  nitro-ethan.  It  is  a  perfectly  colorTees, 
clear  liquid,  of  a  peculiar  agreeable,  etherial  odor.  Its  density  at 
13*'C.  is  1*0582  (taken  with  reference  to  water  at  the  same  tem- 
perature) ;  it  is  insoluble  in  water,  does  not  explode  on  heating, 
and  bums  with  a  pale  flame.  Analysis  and  a  determination  of 
the  vapor  density  gave  the  formula  -CaHgNOj,  which  is  also  that 
of  ethylic  nitrite,  the  boiling  point  of  which  is  90°  C.  lower.  When 
nitro-ethan  is  heated  with  iron  filings  and  acetic  acid,  a  violent 
reaction  ensues,  which  must  be  moderated  by  plunging  the  fiask 
into  cold  water  so  that  the  liquid  does  not  boil.  On  subsequent 
distillation  with  caustic  potash,  ethylamin  passes  over  in  large 
quantity,  and  in  a  state  of  great  purity.  Hence  it  appears  that 
nitro-ethan  corresponds  to  the  aromatic  nitro-compounds.  The 
relation  between  this  body  and  ethylic  nitrite  may  be  expressed 
by  the  formulas : 

^^Hj— e— NO.  e^N  -CgH,. 

EthyUc  nitrite  (B.  p.  16"  C).        Nitro-«than  (B.  p.  111*'-1  W  C). 
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A  solation  of  caustic  potash  dissolves  nitro-ethan,  which  appean 
to  possess  weak  acid  properties.  Sodium  attacks  it  with  erdv- 
tioD  of  gas  and  formation  of  a  white  powder,  which  explodes  oa 
heating.  The  authors  promise  a  further  investigation  of  this  verj 
interesting  subject. — Berichte  der  Deutachen  Cnenu  OeaeU^  Jahh 
gang  v,  p.  399.  w.  a 

[^ote.  Is  it  not  possible  that  in  the  extraordinarily  stable 
double  salts  of  cobalt,  iridium  and  rhodium,  having  respectively 
the  formulas,  £lo2(Ne2)  j^K.,  ir,(Ne,)jj,K.,  and  fth,(Ne,K, 
Kg,  the  nitrous  atom  is  (0,>i  — )  and  not  (  — O— NO)  ?    w.  oJ. 


8.  On  the  reduction  of  glutanic  add  by  iodhydric  acid. — ^The 
researches  of  Ritthausen  have  rendered  it  probable  that  glutanie 
acid  is  one  of  the  homologues  of  malic  acia  containing  C.  in  the 
molecule.  DrrrMAR  has  given  the  subject  a  careful  stady,  and 
has  arrived  at  the  following  results :  Glutamic  acid  was  first  we- 
pared  by  the  action  of  sulphuric  acid  upon  pure  conglutin.  llie 
pure  glutamic  acid,  -C^H^NO^,  was  then  converted  mto  glatamc 
acid  by  the  action  of  nitrous  acid.  The  glutanic  acid  obtained  is 
this  manner,  "C^HgO^,  was  then  heated  m  a  sealed  tube  with  t 
saturated  solution  of  iodhydric  acid,  by  which  it  was  converted 
into  desoxy-glutanic  acid,  -G^H^O^.  The  new  acid  is  bibasic, 
forms  large  crystals  which  belong  to  the  monoclinic  system,  and 
is  easily  soluble  in  water.  The  ibrmula  of  this  acid  is  the  same  as 
that  of  pyrotartaric  acid,  with  which  it  is  not,  however,  identical 
From  this  it  appears  that  glutanic  acid  is  not  identical  with  either 
of  the  three  homo-malic  acids  derived  from  acouitic  acid,  since  all 
of  them  yield  pyrotartaric  acid  by  reduction. — Journal  fiir praki, 
ChemiCy  Neue  Polge^  Band  6,  p.  338.  w.  g. 

4.  On  an  aldehyd-cUcohol. — Wurtz  has  obtained  a  new  poly- 
mer of  aldehyd,  having  the  formula  ty^HgO^,  to  which  he  gives 
the  name  of  aldoL  It  is  a  perfectly  colorless  liquid,  which  after 
cooling  becomes  thick  like  a  pure  solution  of  sugar.  It  is  so  viscid 
at  0°  that  the  tube  containing  it  may  be  inverted  without  any  flow 
of  liquid.  When  gently  heated,  it  becomes  as  fluid  as  water,  but 
it  regains  its  viscid  character  only  some  hours  after  cooling.  Its 
density  at  0°  is  1*1208:  it  has  a  strong  aromatic  and  bitter  taste, 
and  mixes  in  all  proportions  with  water  and  alcohol.  When  heated 
to  135®,  aldol  is  resolved  into  crotonic  aldehyd  and  water: 

-G4H90g  =  C^HgO-f-OIIj. 

Aldol  reduces  argentic  nitrate  and  cupropotassic  sulphate.  When 
heated  for  some  days  with  anhydrous  acetic  acid,  aldol  forms  an 
acetate  having  the  formula  ^AliO{<j2^^ 3^2)9  and  a  diacetate 
having  the  formula  £^l^^(£' 2^^3^2)22  which  may  be  regarded  as 
the  diacetate  of  crotonic  aldehyd.     N  itric  acid  oxidizes  aldol  with 

freat  energy,  forming  several  organic  acids  not  yet  described 
'hosphoric  chloride  also  acts  energetically  upon  aldol,  forming  a 
chloride  which  is  probably  C^IIyCL.  This  is  a  thick,  colorless 
liquid  almost  impossible  to  purify.  Wurtz  considers  aldol  to  have 
a  constitution  represented  by  the  formula : 

CHa— €H(eH)  -  €Ha  — €He. 
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By  the  prolonged  action  of  chlorhydric  acid  upon  aldehyd,  Wurtz 
obtainea  also  the  anhydride  of  aldol  (^^1^^^)2^.  Tlie  author 
remarks  that  aldol  in  many  respects  resembles  the  sugars,  glncose 
being  like  aldol,  at  the  same  time  an  aldehyd  and  an  alcohol — 
Comptes  RenduB^  Tome  Ixxiv,  p.  1361.  w.  o. 

n.  Geology  and  Mineralogy., 

1.  Fbuih  probably  of  the  Chazy  era  in  the  JEhlian  Limestone 
of  West  Rutland ;  by  E.  Billings.  (From  a  letter  to  J.  D. 
Dana,  dated  Montreal,  May  23.) — I  received  last  summer  some 
fossils  from  Rev.  A.  Wing,  and  made  the  following  note  upon 
them  before  I  sent  them  back. 

16th  Jnne,  1871,  from  the  Rev.  A.  Wing,  twenty  specimens 
with  the  following  ticket : 

**  Encrinites  and  obscure  fossils,  supposed  to  be  Trenton,  col- 
lected May,  1870,  at  the  marble  quarries,  West  Rutland,  not  one 
handred  vards  northwest  of  an  abandoned  marble  quarry, — the 
most  nortliem  one  worked  on  the  southwest  side  of  the  valley, 
say  one  hundred  and  fifty  rods  southwest  ^m  Bams^  hotel,  West 
Rutland.'' 

This  is  the  description  of  the  locality  given  by  Mr.  Wing.  My 
note  on  the  fossils  in  the  book  I  keep  for  such  purposes  is — 

**  These  consist  of  numerous  obscurely  preserved  forms  like 
fteurotomaria  staminea^  small  encrinal  joints,  and  a  single  plate 
of  Pdiceocystites  tenuiradiatvs.  I  think  this  collection  is  Chazy. 
The  rock  is  a  gray  fragile  limestone  with  white  crystalline  seams 
mit." 

K  Hitchcock's  Eolian  is  Stockbridge  limestone,  then  the  latter 
inclades  the  Chazy.  The  plate  of  the  Cystidean,  P.  tenuiradiatus 
Hall,  IS  a  never-failing  guide  to  the  Chazy ;  at  least  it  is  so  on  the 
west  mde  of  Lake  Champlain. 

2.  Hdyden  JBbeploring  £bcpedition.  On  the  Discovery  <yf  the 
Quebec  formation  in  the  Territory  of  Idaho ;  by  Pro!  F.  H, 
Bbadlby,  Geologist  of  the  Expedition.  (From  a  letter  to  J.  D. 
Dana,  dated  Fort  Hall,  Idaho,  July  7th,  1872.)--I  write  to 
announce  the  discovery  of  the  Quebec  group.  I  first  found  it  in 
the  mountains  on  the  east  side  of  Malade  valle^,  about  six  miles 
south  of  Malade  City.  It  is  here  fnll  of  trilobites,  with  some  gas- 
teropoda and  brachiopods.  It  is  at  least  1,000  feet  thick,  and 
probably  much  more  than  that.  (I  hope  to  work  out  the  details 
as  we  pass  southward,  in  October.)  The  limestone  is  underlaid 
by  a  compact  ferruginous  auartzite,  which,  from  its  position,  may 
he  considered  as  representing  the  Potsdam  sandstone.  I  traced 
the  bed,  nearly  continuously,  to  the  angle  of  Port  Neuf  Canon — 
a  distance  of  over  fitly  miles.  At  this  latter  point  the  bed  seems 
to  thin  somewhat,  and  is  overlaid  by  1,000  feet  or  more  of  quartz- 
ites. 

I  am  hoping  to  get  again  upon  this  group  as  we  pass  northeast- 
ward to  the  Tetons. 
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8.  La  Nivi  de  Justedctl  et  sea  Glaciers ;  par  C.  de  Sevb,  ad- 
joiut  ^  I'Institut  M6t6orologique  de  I'Universit^  Royale  de  Chiit- 
tiania.  56  pp.  4to,  with  a  chart,  9  photographs,  and  a  lithographie 
plate.  Chnstiania,  1870. — We  cite  here  a  few  &ct8  from  thia  imp<»<- 
tant  memoir.  The  great  n6v6  of  Jostedal  covers  a  hi^h  plateto, 
lying  between  Soen  on  one  side  and  the  Nordfiord  and  Sdndfioid 
on  the  other,  having  a  height  of  1400  to  1650  metera  above  the 
sea,  but  passing  northeastward  into  a  chain  of  mountains,  the  cul- 
minating summits  of  which  are  the  Lodalskaobe,  2076  meten  in 
height,  St.  Ca^ciliekrouen  in  the  Olden,  1950  meters,  Saphellenipa, 
near  the  middle  of  the  n6v6,  1 720  meters,  and  Gottop-hesten,  to 
the  west  of  the  valley  of  Vetlefiord,  1710  meters  in  height.  The 
n6v6,  or  uninterrupted  snowfield,  takes  its  origin  northeast  of 
Lodalskaobe,  and  terminates  to  the  southeast  by  the  Skarvedil- 
sbrsB,  where  it  descends  the  valley  of  Viksdalen  into  the  SOndfiori 
The  length  of  the  nWe  region  is  thus  about  4  2  miles,  and  its  8iu> 
face  over  nine  hundred  square  miles. 

The  glaciers  of  the  first  class  that  descend  from  the  snow- 
plateau  are  those  of — 1,  Vetelfiord ;  2,  Boium  ;  3  and  4,  Suphelle; 
5,  Langedal;  6,  7,  Optag;  8,  Austerdal ;  9,  Tunsber^dal;  10, 11, 
12,  Bergset;  13,  Nigar;  14,  Faobergstol ;  15,  Lodal;  16,  St^fe- 
holt;  17,  Gredung;  18,  B5dal;  19,  Nesdal;  20,  Aobnekke;  21, 
Brigsdal ;  22,  Melkevold  ;  23,  Fond,  in  tlie  valley  of  Stardal ;  24, 
Liinde.  After  nimierous  measurements  of  the  rate  of  progress  in 
the  movement  of  the  ice  in  the  glaciers  of  Boium,  of  Tunsbergdal, 
and  of  Lodal,  in  the  course  of  the  month  of  August,  the  author 
gives  the  following  as  the  mean  results. 

Li  the  case  of  the  glacier  of  Boium,  the  rate  j>er  hour  near  its 
extremity  was  0'28  in.  (Norwegian  and  English) ;  3,000  feet  above 
the  extremity  it  was  0*66  in.  108  yards  from  the  less  convex 
side,  0*87  in.  at  the  middle,  and  0*81  about  100  yards  from  the 
opposite  or  more  convex  side ;  while  at  points  along  the  less  con- 
vex side  within  20  to  40  yards  of  the  margin  the  rate  was  0*16  in. 
to  0*20  in.  an  hour. 

For  the  glacier  of  Tunsbergdal,  the  rate  per  hour  near  the  ex- 
tremity was  0*23  in.;  about  2,900  feet  above  it  was  0-87  in.  135 
yards  from  the  concave  side ;  about  the  middle  0*41  in.  to  0*51  in. ; 
and  toward  the  convex  side  0*62  in.  to  0*63  in. 

For  the  glacier  of  Lodal,  the  rate  per  hour,  about  490  yards 
above  the  extremity,  was  at  the  middle  0*104  in.  to  0*091  ;  about 
1,876  yards  above  the  extremity  0*183  in.,  0*218  in.  and  0*212  in.; 
about  2,500  yards  from  the  extremity,  just  below  where  the  two 
great  tributary  glaciers  come  in  from  the  right  and  left,  0*047  in. 
near  the  margm;  100  yards  from  this  margin,  0*140  in. ;  about  the 
middle  of  the  glacier  0*279  in.  to  0*297  in. 

The  author  states  that  the  inclination  of  the  surface  beneath  the 
glacier  where  the  measurements  were  made  is  about  the  same  for 
each,  and  that  the  difference  in  the  rate  of  motion  depended  on 
the  pressure  from  the  upper  part  of  the  glacier.  This  pressure 
was,  therefore,  much  the  greatest  for  the  glacier  of  Boium.    The 
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conclusions  are  drawn  that  the  movement  diminishes  in  ratio 
toward  the  sides,  bottom,  and  extremity  of  the  glaciers;  and 
srhen  the  course  bends,  so  that  one  side  is  convex  and  the  other 
concave,  the  movement  is  most  rapid  on  the  X^onvex  side. 

These  are  only  a  few  of  the  results  brought  out  in  this  Memoir. 
[t  is  illustratea  by  a  map  and  diagrams,  and  also  bv  a  photo- 
graphic plate  made  up  of  nine  photographic  views  of  the  N  orwe- 
^ian  glaciers. 

4.  The  Ancient  Glacier  of  the  Rhone, — It  is  known  that,  at 
I  former  period,  the  glacier  of  the  Rhone  spread  westward  over 
ower  Switzerland  to  the  Juras,  and  lodged  boulders  on  these 
nountains,  and  that  Prof  Guyot  followed  the  lines  of  these  bould- 
ers from  the  Juras  across  the  plain  to  their  sources  in  the  Alps. 
Messrs.  Falson  and  Chantre  have  recently  traced  the  path  of  this 
^lacier  all  the  way  from  Lake  Geneva,  southwestwara  to  Lyons, 
passing  by  Seillon,  Chatillon,  Ars  and  Sattonay,  and  even  ten  miles 
farther  south,  to  Vienne  in  Dauphiny.  In  its  course,  after  being 
joined  by  the  glacier  o^  the  Arve  (of  which  the  Mer  de  Glace  was 
3ne  of  the  sources),  it  encountered  the  local  glaciers  of  some  of  the 
valleys  of  Bugey ;  but  it  ended  in  surmounting  the  latter  and 
depositing  its  moraines  ol  crystalline  rocks  over  Uieir  moraines  of 
limestone  rocks. — Bihl  Cniv,^  1870,  xxxviii,  118,  and  Bull.  Soc, 
Geol  de  France^  1869,  xxvi,  360 ;  from  JBibl,  Univ.,  1872,  xliv,  46. 

5.  Glacial  action  jin  .F.uegia  and  Patagonia,  Abstract  of  a 
letter  by  ProL^^toASSiz  of  the  Hasslcr  expedition,  addressed  to 
Prof.  B.  Peirce,  dated  Talcahuano,  April  27. — In  the  straits  of 
Magellan,  passing  Sandy  Point,  the  first  unquestionable  rochea 
moutonnies  seen  were  on  the  nearest  coast  opposite  Cape  Froward. 
In  Port  Gallant  large  boulders  were  observed,  some  6  feet  across, 
>ne  12  X  6  X  5  feet,  well  polished  and  scratched.  In  Fortescue 
Bay  there  are  similar  scratched  boulders ;  and  also  glacier  scratches 
ra  the  rocks,  their  trend  W.N.W. ;  and  glacial  phenomena  con- 
tinue from  this  region  to  Jerome  Point,  which  is  itself  well  polished, 
especially  on  the  south  side.  York  River  valley,  which  trends 
lorth,  is  well  polished  on  both  sides,  and  so  also  a  gorge  opposite, 
showing  that  the  denudation  was  not  due  to  an  ajgent  following 
the  east-and-west  course  of  the  Magellan  straits.  The  two  heads 
)f  the  narrowest  part  of  the  straits  are  beautifully  polished  and 
rounded.  Similar  glacial  effects  were  observed  in  Borgia  Bay ; 
ind  Pourtales  traced  them  up  a  peak  to  a  height  above  the  sea  of 
ibout  1,500  feet.  Glacier  Bay  and  Sholl  Bay  were  also  very 
remarkable  for  their  glacial  phenomena.  In  Glacier  Bay  and 
3ther  points  there  was  evidence  that  the  glacier  once  had  a  much 
greater  extension  than  now. 

Prof  Agassiz  concluded  from  the  character  of  the  north  and 
south  sides  of  the  summits  in  Fuegia,  and  other  facts,  that  the 
movement  of  the  ice  was  to  the  noith,  and  independent  mainly  of 
the  present  slopes  of  the  land. 

The  region  over  which  Prof  Agassiz  states  that  he  observed 
glacial  phenomena  in  southern  South  America  includes  all  of  the 
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continent  sonth  of  37°  of  S.  latitude  both  on  the  Atlantic  ride 
(Bay  of  St.  Matthias)  and  the  Paciiic  side.  At  Talcahoano  large 
erratic  boulders  and  rochea  moutonnies  were  observed  at  the  montli 
of  the  Biobio,  on  the  hills  of  Hualpen.  In  the  Bay  of  San  Vin- 
cente  (between  Concepcion  Bay  and  the  Bay  of  Aranco)  glaciil 
markings  were  found  by  Mr.  Pourtales,  at  the  sea  level — **  a  mag- 
nificent polished  surface,"  says  Prof.  Agassiz,  '*  as  well  preeerved 
as  any  Ihave  seen  under  glaciers  of  the  present  day,  with  well* 
marked  furrows  and  scratches;"  and  this  is  in  latitude  SW  Hie 
place  is  only  a  few  feet  above  tide  level,  upon  the  slope  of  a  hill 
on  which  stand  the  ruins  of  a  Spanish  fort  The  course  of  the 
scratches  is  nearly  east  and  west ;  but  some  cross  the  main  trend, 
and  run  southeast.  The  magnetic  variation  at  Talcahuano  is  IS'^S', 
the  true  meridian  being  to  the  right  of  the  magnetic. 

6.  Anntial  Heport  of  Prof.  2>.  F,  Boyd^  Superintendeni  of  the 
LouiBiana  State  Univereity^for  the  year  1871,  to  the  Oovemor  of 
the  State  of  Louisiana,  222  pp.  8vo.  New  Orleans,  1872. — ^Th» 
report,  besides  its  interesting  information  on  the  condition,  pros- 
pects, and  needs  of  the  Louisiana  State  University,  contains  also 
the  Third  Annual  Report  of  the  Botanical  Survev  of  Southwest 
and  Northwest  Louisiana,  made  in  1871,  by  Prof.  A.  Feathennan; 
and  that  of  the 

Geoloaical  Survey  of  the  State  by  F.  V.  Hopkins,  M.D.,  Prof. 
GeoL,  Chem.  and  Min.,  in  the  University. 

In  the  Geological  Report,  Prof.  Hopkins  gives  many  important 
facts  with  regard  to  the  Post-tertiary  deposits,  and  also  a  colored 
geological  map  of  the  State.  The  IPost-tcrtiary  is  stated  to  con- 
sist, following  the  order  of  aore,  of  (1)  the  Drift,  (2)  the  Port  Hud- 
son group  (so  named  by  Hilgard),  (3)  the  Loess,  (4)  the  Yellow 
Loam.  To  the  last  three  the  term  Bluff  formation  is  here  ap- 
plied ;  and  it  is  stated  that  "  the  delta  rormed  by  the  Mississippi 
from  the  end  of  the  Drift  period  to  the  era  of  the  Loess  was  com- 
posed of  its  strata." 

The  beds  of  the  Port  Hudson  group  are  mostly  hard  sand-beds, 
sandy-clay  and  clay ;  they  are  more  or  less  calcareous,  and  are 
often  characterized  by  calcareous  concretions.  The  thickness  at 
the  sulphur  wells  of  Calcasieu  is  160  to  282  feet.  Prof  Hilgard 
made  the  thickness  at  New  Orleans  050  feet ;  but  Prof.  Hopkins 
gives  reasons  for  suspecting  that  part  of  this  may  belong  to  the 
proper  loess.  Sea  shells  or  recent  species  are  occasionally  found 
m  the  southern  part,  and  fresh  water  shells  in  some  places.  The 
deposits  also  afford  bones  of  various  Post-tertiary  animals,  includ- 
ing those  of  the  Megalonyx.  Lignite  layers  also  occur  in  it,  and 
sometimes  contain  stumps. 

TThe  loess  is  mostly  a  fine  silt,  little  compacted.  The  water  of 
slight  rains  is  absorbed  into  its  porous  beds,  while  heavier  flows 
wear  the  formation  into  deep  channels  having  nearly  vertical  sides. 
It  often  contains  land  shells  of  the  genera  Ilelix^  Helidfia^  Piipa^ 
Cyclostoma^  Achatinn^  and  Sticclnea^  as  long  since  obser>*ed  near 
Natchez  by  Lyell ;  and  sometimes  affords  bones  of  the  mastodon. 
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rhe  yellow  loam  bed  is  for  the  most  part  between  ten  and  twenty- 
ive  feet  in  thickness.  *'  It  is  remarkable  for  the  uniformity  with 
rhich  it  appears  at  various  levels,  proving  its  deposition  since  the 
>ccurrence  of  a  large  amount  of  denudation  in  the  older  Bluff 
itrata  themselves.*' 

Prof.  Hopkins  holds,  we  believe  correctly,  that  the  Port  Hud- 
lon  and  the  overlying  beds  were  deposited  when  the  land  was  at 
\  lower  level  than  now ;  and  that  the  loess  was  the  accumulation 
^yer  an  old  flood  plain  of  the  Mississippi,  as  suggested  by  Lyell, 
—that  the  *'  lake-like  expansion  of  fresh-water  so  widely  spread 
jver  the  interior  [in  whicn  it  was  formed]  being  really  that  of  an 
»taary  connected  with  the  Gulf,'*  and  not  of  a  true  lake  confined 
by  a  supposed  barrier. 

The  drift  contains  pebbles,  which  are  mainly  of  reddish  and 
yellowish  chert.  Amon^  them  there  are  numerous  Silurian 
ftnd  Devonian  fossils,  with  some  from  Carboniferous  rocks ;  and 
more  than  a  hundred  species  have  been  identified,  and  are  in- 
cluded in  a  list  on  pages  191  to  195  of  the  report.  Among  these 
there  are  12  species  of  Crinoids,  26  of  corals,  and  over  40  of 
Brachiopods;  they  must  have  come  from  Tennessee  and  the 
States  nirther  north  either  side  of  the  Mississippi  river ;  some  of 
them  from  points  400  miles^  or  more  distant.  The  thickness  of  the 
drift  in  Louisiana  is  stated  to  average  200  feet.  In  the  northwest- 
em  part  of  the  State  there  are  Azoic  pebbles  from  Arkansas. 
"The  drift  beds  are  stratified  more  or  less  regularly,  as  if  depos- 
ited in  running  water ;  they  show  unmistakably  the  action  of  run- 
ning and  not  of  quiet  water."  They  contain  rarely  angular 
masses  half  as  large  as  a  man's  head ;  and  near  Vicksburg  blocks 
of  even  600  lbs.  weight  have  been  observed ;  "  and  there  is  no 
doubt,"  says  Prof  Hopkins,  as  also  in  substance,  earlier.  Prof. 
Hilgard,  '*  that  the  passage  of  this  formation  into  the  modified 
drift  of  the  North  is  easily  demonstrable.  The  drift  was  trans- 
ported by  water,  and  must  date  from  the  period  of  depression,  or 
melting  of  the  glacier." 

For  the  distribution  of  the  drift  Prof  Hopkins  brings  in  the  agency 
of  icebergs  in  a  sea  at  least  1,159  feet  deep  in  the  Ohio  valley,  drift- 
honlders  of  large  size  occurring  at  this  elevation  in  Licking  Co., 
Ohio;  and  on  this  point  he  adds;  "We  are  here  far  within  the 
Mississippi  valley,  and  must  grant  that  when  the  water  floated  an 
ice  raft  either  up  or  over  a  hill  1,169  feet  above  the  present  sea- 
level  there  was  a  clear  sweep  for  the  polar  current  from  the  straits 
of  Belle  Isle  (Gulf  of  Newfoundland)  to  the  Gulf  of  Mexico." 

This  iceberg  theory  appears  to  be  here  called  in  just  where  it 
cannot  serve.  If  the  Guff  of  Mexico  had  then  opened  up  over  the 
Continent  either  to  the  Arctic  or  the  Gulf  of  Saint  Lawrence,  with 
the  water  1,169  feet — or  say  1,000  to  2,000  feet  or  more — deep  at 
the  Gulf,  the  Gulf  stream  would  be  the  current,  if  any ^  that  would 
have  occupied  the  great  interior  sea  of  the  Mississippi  valley ;  and 
this  would  have  given  icebergs  southward-bound  a  hard  up-stream 
eurrent  to  beat  against.  There  does  not  appear  to  be  any  good 
foundation   for  the  conclusion  that  the  Labrador  current  would 


138  Scientiftc  Intelligence. 

have  had  control  of  the  waters.  The  latter  flow  would  hafe 
had  by  its  position  greatly  the  advantage  of  the  former  in  the 
contest  for  possession  of  the  Mississippi  region,  and  would  at  least 
have  nullified  the  Labrador  flow  if  nothing  more.  The  iceberg 
theory  is  therefore  as  wholly  inapplicable  to  Louisiana  as  it  is  to 
New  "£ngland.  Besides  the  above  consideration,  and  also  the  ob- 
jection to  a  continental  submergence  in  the  absence  of  the  skeletons 
of  whales,  shells,  and  other  sea  relics  from  the  drift  reeions  of  the 
continental  interior,  there  is  other  evidence  against  the  iceberg  the* 
ory  in  the  fact  that  the  deposits  of  sand  bear  evidence,  in  msDj 
places,  as  Pro£  Hopkins  says,  that  they  were  made  by  running  voaier 
m  rapid  flow.  The  oceanic  currents  are  slow  lazy  currents,  even  the 
best  or  largest  of  them ;  3  miles  an  hour  is  an  unusual  rate,  and  6 
miles  an  extreme  except  m  narrow  channels.  So  slow  a  move- 
ment is  wholly  inadequate  to  produce  the  kind  of  beds  makiuff  np 
much  of  the  drift ;  for  the  sand  deposits  oflen  bear  evidence  of  the 
fling  of  the  waves,  or  of  the  violent  rush  of  a  tidal  current,  as 
sketched  by  Prof  Hilgard  in  his  Geological  Report  on  the  State  of 
Mississippi.  The  deposits  of  this  wave  and  tidal-current  origin 
in  the  vicinity  of  New  Haven  bay  (Connecticut),  where  it  is 
certain  the  depth  of  water  was  small — not  too  great  for  effects 
from  wave-action — are  precisely  identical  with  some  of  those  of 
the  stratified  drift  of  the  State  of  Mississippi  figured  and  described 
by  Professor  Hilgard. 

F3ut,  while  the  glacier  may  have  brought  the  boulders  of  Lick- 
ing Co.,  Ohio,  to  their  present  place,  and  been  a  prominent  means 
of  transportation  over  tlie  north,  icebergs,  or  in  more  common- 
place language, ^oo^iw^  ?ce,  may  still  have  had,  during  the  open- 
ing Cham}>lain  era,  a  vast  deal  to  do  with  the  transportation  of 
stones,  pebbles,  and  sand  in  the  region  of  the  Great  Lakes  and  along 
the  Mississippi  valley.  The  melting  of  the  great  glacier,  "  6,000 
feet"  thick  to  the  north,  would  have  gone  forward  for  a  long 
period  with  extreme  slowness,  even  after  the  subsidence  of  the 
Cham  plain  epoch  had  taken  place.  But  sooner  or  later  the  flood 
from  the  melting  would  have  begun ;  and,  as  Prof.  Hilgard  has 
shown,  it  would  have  been  a  vast  flood,  coming  as  it  must  have 
done  from  ice  that  buried  deeply  the  whole  breadth  of  the  Missis- 
sippi water-shed,  and  even  from  regions  beyond  it,  since  one  or 
more  of  the  Great  Lakes  then  pourc^d  their  waters  southward — an 
area  liardly  less  than  twenty  millions  of  square  miles.  And,  in 
such  a  flood,  masses  or  bergs  of  ice,  freighted  with  stones,  would 
have  gone  with  the  current  southward ;  while  the  waters  in  rapid 
violent  flow  would  have  transported  the  sands  and  even  coarser 
material,  and  made  deposits  of  all  the  various  kinds  observed. 

J.   D.  D. 

7.  Investigations  on  Fossil  Jlirds ;  by  Mr.  A.  !Mii^k-Eiv 
WARDS. — At  the  moment  when  ray  investigations  upon  fossil  birds 
approach  their  termination,  and  before  the  last  part  is  given  to 
the  public,  I  will  ask  the  Academy's  permission  to  explain  in  a 
few  words  the  results  at  which  I  have  arrived  during  these  studies, 
which  have  lasted  fully  twelve  years. 
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I  believe  I  have  demoii8ti*ated,  by  the  examination  of  the  bones 
irbicb  have  been  found  in  the  recent  deposits  in  the  Masearene 
[glands,  and  which  belong,  for  the  most  part,  to  extinct  species, 
mch  as  the  dodo,  the  solitaire,  the  Aphanapteryx^  Fvlica  Nevih 
'4>fiiy  large  parrots,  &c.,  that  these  islands  have  once  been  part  of 
%  vast  extent  of  land,  that  these  lands  by  little  and  little  and  by  a 
)low  depression  have  been  hidden  under  the  waters  of  the  ocean, 
>nly  leaving  visible  some  of  their  highest  points,  such  as  the 
islands  of  Mauritius,  Rodriguez,  and  Bourbon.  These  islands 
[lave  served  as  a  refuge  tor  the  last  representatives  of  the  terres- 
Lrial  population  of  these  ancient  epochs ;  but  the  species,  confined 
in  too  limited  a  space  and  exposed  to  all  causes  of  destruction, 
dave  disappeared  by  degrees ;  and  man  has  in  some  measure  aided 
in  their  extinction. 

Madagascar  evidently  was  not  in  communication  with  these 
blands ;  for  when  Europeans  visited  them  for  the  first  time,  they 
iid  not  find  there  anv -Mammalia,  with  the  exception  of  some 
large  bats ;  none  of  those  remarkable  Lemuridse  peculiar  to  the 
Bsiuna  of  Madagascar  existed  in  the  Masearene  Islands.  The  study 
of  fossil  birds  leads  to  the  same  result ;  and  the  three  species  of 
.^Spyomis  which  Mr.  A.  Grandidier  and  I  have  been  able  to 
recognize  among  the  fossils  collected  in  the  swamps  of  the  south- 
west coast  have  enabled  us  to  establish  the  relationship  which 
connects  these  birds  with  the  Dinomie^  the  PcUapterpx^  and 
Aptornis  of  New  Zealand.  All  these  species  belong  to  the  same 
Eoological  type,  and  make  us  feel  that  at  a  more  or  less  remote 
epoch  there  may  have  existed  some  communication  between  these 
lands  so  far  away  from  one  another ;  perhaps  groups  of  islands, 
now  submerged,  formed  intermediate  stations,  of  which  unfor- 
tunately we  have  now  no  trace. 

In  France,  from  the  earliest  age  of  man,  we  remark  sometimes 
in  superficial  deposits,  sometimes  in  caverns,  fragments  of  birds 
which  furnish  us  with  valuable  indications  of  the  climatal  condi- 
tions of  that  epoch.  Some  of  these  species  have  now  entirely  dis- 
appeared: others,  in  considerable  numbers,  have  by  degrees 
retired  toward  the  north — for  instance,  the  grouse  and  the  great 
hawk  owl,  which  then  were  extremely  common  in  the»se  countries. 
Their  presence  is  most  significant ;  tor  even  supposing,  according 
to  some  naturalists,  the  reindeer  is  only  found  fossil  in  France 
because  it  had  been  introduced  by  the  Finnish  population,  we 
cannot  invoke  the  same  explanation  for  birds  which  have  never 
been  domesticated.  Lastly,  we  also  find  in  our  caves  a  great 
number  of  species  identical  with  those  which  now  inhabit  temper- 
ate Europe — among  others,  the  cock,  which  was  supposed  to  be  a 
native  of  India,  but  which,  on  the  contrary,  must  have  been  a  con- 
temporary of  the  first  ages  of  man. 

It  is  especially  the  Middle  Tertiary  deposits  which  have  fur- 
nished me  with  a  rich  harvest.  Thus  in  the  Department  of  the 
AUier  I  have  recognized  the  presence  of  about  70  species  belong- 
ing to  very  various  groups,  some  of  which  no  longer  belong  to  our 
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fenna.  Parrots  and  trogODB  inhabited  the  woods;  Bwallows  bmlt 
in  the  fissures  of  the  rocks  nests  in  all  probability  like  those  now 
found  in  certain  parts  of  Asia  and  the  Indian  archipelago.  A 
secretary  bird  nearly  allied  to  that  of  the  Cape  of  Good  Hope 
sought  in  the  plains  the  serpents  and  reptiles  which  at  that  time, 
as  now,  must  have  fximishcd  its  nourishment.  Large  adjutants, 
cranes,  flamingoes,  the  Palaelodi  (birds  of  curious  forms,  partaking 
both  of  the  characters  of  the  flamingoes  and  ordinary  Grails), 
and  ibises  frequented  the  banks  of  the  wateiMK)ur8e8  where  the 
larvae  of  insects  and  mollusks  abounded ;  pelicans  floated  in  the 
midst  of  the  lakes;  and,  lastly,  sand-grouse  and  nameroas 
gallinaceous  birds  assisted  in  giving  to  this  ornithological  popnlft- 
tion  a  physiognomy  with  which  it  is  impossible  not  to  be  struck, 
and  whicn  recalls  to  one's  mind  the  descriptions  which  Livingstone 
has  given  us  of  certain  lakes  of  southern  Africa. 

The  list  I  have  given  of  the  birds  whose  existence  I  have  asce^ 
tained  in  the  part  of  the  Miocene  lakes  the  alluvium  of  which  hsu 
formed  the  deposits  of  St.  G^raud  le  Puy,  of  Yaumaa,  &c,  indi- 
cates the  relations  in  which  the  different  groups  of  this  class  of 
vertebrates  lived.  Whilst  some  of  them  are  extremely  common, 
thei*e  arc  others  which  are  found,  so  to  speak,  only  accidentaUy, 
and  which  are  only  represented  in  my  collection  by  a  single  bone 
or  only  a  few  bones.  The  species  most  frequently  met  with  are 
the  water-birds:  thus  the  ducks  have  left  numerous  remains;  the 
cormorant  is  only  found  at  certain  places.  Evidently  at  that 
time,  as  now,  birds  had  preferences  for  certain  places,  certain 
rocks,  <fcc.,  from  which  they  departed  but  little.  The  little  diver 
(  Colymhoides  minutus)  is  less  abundant  than  the  gulls,  of  which 
two  species,  L<trus  ehgans  and  L,  totanoides^  exist  in  proiiision. 

It  is  the  same  with  some  of  the  small  shore-waders  belonging  to 
the  genera  Totarvus  and  Tringa^  whilst  Eloriva  and  Himantopus 
are  re])resentcd  by  few  individuals.  I  have  found  numerous  bones 
of  the  ibis,  and  in  particular  of  the  Paljelodus  amhiguvs  ;  the 
four  other  species  of  the  latter  genus  are  by  no  means  so  common. 
Thus  out  of  two  hundred  bones  of  these  birds  hardly  one  will  turn 
out  to  be  of  l\  crassipea^  P.  minntus^  P.  gracilipes^  or  P,  goliath 
The  portions  of  the  skeleton  of  the  flamingo  are  rarely  found 
entire  at  St.  G6raud  le  Puy ;  whereas  at  Coumon  and  (^haptuzat, 
on  the  contrary,  they  are  well  preserved.  I  have  only  once  met 
with  the  bones  of  the  adjutant ;  they  belonged  to  two  young  speci- 
mens, and  were  associated  in  the  same  excavation  filled  with  sand. 
The  cranes  are  rare ;  their  bones  are  almost  always  broken  and 
oflen  injured  by  the  teeth  of  rodents,  as  if  thevhad  lain  for  a  long 
time  on  the  bank  before  being  carried  to  the  bottom  of  the  lake. 
The  rails,  the  gallinaceous  birds,  the  pigeons,  the  sand-grouse,  the 
passerine  birds,  the  raptores,  and  the  parrots  have  left  but  few 
traces  of  their  existence.  These  birds,  from  their  mode  of  life,  did 
not  remain  continually  on  the  shores  of  the  lakes  or  water-courses; 
their  remains  might  be  eaten  or  destroyed  at  once,  and  it  would 
need  a  concurrence  of  exceptional  circumstances  for  them  to  be 
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transported  by  the  streams  into  the  alluvial  deposits  of  the  lakes: 
thos  1  had  explored  these  deposits  for  more  than  ten  years  before 
I  met  with  a  single  bone  of  a  parrot,  sand-grouse,  secretary  bird, 
or  of  several  of  the  raptores ;  and  some,  of  which  I  had  collected 
the  remains  a  long  time  ago,  have  not  appeared  since. 

All  the  bones  of  birds  collected  in  the  Miocene  beds  of  Weis- 
senau,  in  the  basin  of  Mayence,  that  I  have  been  able  to  examine, 
present  a  complete  resemblance  to  those  of  the  Department  of  the 
Allien 

The  ornithological  population  of  the  celebrated  deposit  of  San- 
san,  in  the  Department  of  the  Gers,  presents  another  character ; 
not  one  of  its  representatives  is  found  m  the  lacustrine  deposits  of 
the  Bourbonnais  and  the  Auvergne :  and  although  the  greater  part 
of  the  species  belong  to  families  at  present  existing  in  our  fauna, 
not  one  is  known  to  be  actually  living,  and  several  of  them 
present  characters  sufficient  to  constitute  new  genera. 

I  have  discovered  there  a  parrot  of  a  more  slender  form  than 
that  of  the  Allier,  and  I  have  designated  it  by  the  name  of 
JPfUtacus  JLartetianuSy  to  attach  the  name  of  my  regretted  master 
and  friend  to  one  of  the  most  interesting  species  that  I  have  ever 
found  in  this  rich  deposit.  Some  galhnaceous  birds  of  a  large 
size,  and  in  this  respect  hardly  inferior  to  the  peacocks  and  true 

Sheasants,  also  inhabited  the  shores  of  the  little  l^ke,  where  the 
eposits  accumulated  which  now  form  the  hill  of  Sansan ;  numer- 
ous passerine  birds,  resembling  the  Bengalis  and  Senegalis, 
frequented  the  margins  of  the  waters;  lastly,  the  number  of 
species  was  not  less  than  35,  and  certainly  new  excavations  will 
not  fail  to  make  known  more. 

The  marine  faluns  of  the  Loire  have  only  furnished  me  with  a 
few  species  of  birds.  I  have  been  able,  however,  to  recognize  a 
cormorant  almost  as  larse  as  that  which  now  lives  on  our  shores, 
a  goo^  A  little  smaller  than  the  bemicle,  a  heron,  and  a  pheasant. 
The  beds  of  gypsum  in  the  environs  of  Paris  contain  numerous 
impressions  of  skeletons  of  birds ;  and  it  is  to  be  observed  that  the 
anunals  of  that  period  deviated  more  from  the  zoological  forms 
which  exist  at  the  present  day.  Thus,  despite  the  unwillingness  I 
feel,  especially  in  paleontological  studies,  to  increase  the  already 
too  large  number  of  generic  groups,  I  have  been  obliged  to  form 
new  genera  for  many  among  thenL  Thus  the  Cfyptomis  arUiquus 
was  nearer  the  hombills  than  any  known  type ;  LauriUardia  and 
PaikBgithalus  belong  to  the  order  of  passerine  birds,  but  were 
quite  distinct  from  all  those  now  living.     The  Paloeortyges  are 

gallinaceous,  of  the  size  of  a  quail,  but  very  different  from  those 
irds.  €fyp$omU  is  the  giant  of  the  family  RaUidae;  it  must 
almost  have  attained  the  size  of  a  stork.  Agnopterus  approaches 
the  flamingoes,  although  it  displays  some  peculiar  characters. 

The  singularity  of  the  forms  of  these  Eocene  birds  makes  us 
doubly  resret  not  knowing  those  of  the  Cretaceous  period.  Unfor- 
tunately there  exist  only  a  very  small  number  of  freshwater  depos- 
its dating  from  that  period ;  therefore  it  is  not  astonishing  that 
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we  have  as  yet  discovered  only  very  few  traces  of  terrestrial 
animals  whicn  lived  during  the  deposition  of  these  important 
strata.  Perhaps  new  zoological  forms  will  be  discovered  there 
filling  up  the  immense  gap  which  exists  between  the  Jnrasmc 
Arc/ufioptert/x  and  the  typical  birds  of  the  Tertiary  epoch.*— 
Comptes  liendus,  April  16,  1872,  pp.  1030-1084. — Ann.  Mag. 
Nat.  Hist,  IV,  X,  72. 

8.  Fossil  Vertebrates  from  the  Niobrara  and  Upper  MissourL-- 
Prof.  Leidy  has  founded  a  species  of  lion,  Fdis  attgustits^  on  sev- 
eral teeth  and  fragments  of  jaws  from  the  Loup  Fork  of  the  Nio- 
brara, Nebraska,  obtained  by  Dr.  Hayden.  The  most  character- 
istic specimen  is  an  upper  sectional  molar  about  as  large  as  that  of 
the  Bengal  tiger.  He  has  also  described  a  vertebra  from  the  base 
of  the  tail,  belonging  to  an  animal  related  to  Plesiosaums  and 
Discosaurus ;  and  "  viewing  the  specimen  as  probably  represent- 
ing a  genus  different  from  those  mentioned,  ne  proposes  for  the 
species  the  name  Oligosimus  granda^vus.^^  Another  specimen  ob- 
tained by  Dr.  Hayden  in  the  *'  Black  Foot  country**  at  the  head  of 
the  Missouri,  *'  looks  as  if  it  had  formed  part  of  the  dermal  armor 
of  some  huge  saurian,  or  perhaps  of  an  armadillo-like  animal'' 
Accompanying  this  specimen  there  is  a  distal  phalanx,  which  may 
belong  to  the  same  species,  named  Tglosteus  omaitts. — Proc. 
Acad.  Nat.  Scl,  April  2,  1872. 

9.  Extinct  Mammals  from  the  Tertiary  of  Wyoming ;  Prof 
Leidy. — One  specimen  here  described  is  a  fragment  of  an  upper 
jaw  with  two  molar  teeth,  and  another  a  lower  jaw  with  one  molar. 
The  upper  molars  have  crowns  composed  of  four  lobes,  the  outer 
of  which  are  like  those  of  A7ichif  her  turn.  The  three  upper  molars 
occupied  a  space  of  eight  lines.  They  are  too  large  for  the  known 
species  of  Ilyopsodus  or  Mtcrosyops,  and  nearly  accord  with  the 
lower  molars  of  Notharctus,  The  species  is  named  Hipposyui 
formosUrS, 

Dr.  Leidy  remarked  that  the  tooth  of  Anchippodus  riparitts, 
was  obtained  from  the  Tertiary,  Miocene  or  Eocene,  of  Monmouth 
Co.,  N.  J. ;  and  if  the  determination  is  correct  it  would  go  to 
show  that  the  Bridger  Tertiary  formation  of  Wyoming  was  co- 
temporaneous  with  the  Tertiary  deposit  of  Monmouth  Co.,  N.  J.— 
Proc.  Acad.  Nat.  Sci.  Philad.,  Apr.  2,  1872,  p.  37. 

10.  Oraptolites. — Prof  Allman  has  a  valuable  article  on  the 
morphology  and  afUnities  of  Graptolites  in  the  May  number  of 
the  Annals  and  Magazine  of  Natural  History,  which  concludes  as 
follows : 

"  Their  alleged  Polyzoal  [or  Bryozoan]  affinities,  however,  have 
some  claim  on  our  acceptance.  Indeed,  were  it  not  for  the  dis- 
covery of  the  probable  graptolite  gonosome  (corbulte  ?),  we  should 
have  nearly  as  much  to  say  for  this  view  as  for  that  which  would 
refer  them  to  the  Hydroiaa,  more  especially  as  the  discovery  of 
Rhahdopleura  rondei-s  us  acquainted  with  a  polyzoon  in  whose  test 

*  On  this  point,  see  Marsh,  this  Jourual  III,  iii,  66,  360. 
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is  developed  a  chitinous  rod  in  almost  all  respects  like  that  of  the 
graptolites.* 

On  the  whole,  t^en,  it  would  seem  that  the  graptolites  consti- 
tute a  very  aberrant  hydrozoal  group  having  manifest  affinity 
with  the  Efydroida,  to  which  they  are  connected  by  the  nemato- 
phore-bearing  genera  of  the  latter,  while  they  have  also  important 
points  of  connexion  with  the  Rhizopoda.  The  undoubted  mem- 
oers  of  this  group  are  further  characterized  in  an  eminent  way  by 
the  possession  of  a  solid  supporting  rod;  and  it  is  this  feature 
which  has  suggested  to  me  the  name  of  Rhabdophora,  by  which 
I  have  proposed  to  designate  them." 

11.  .Descriptiana  of  Nevo  Species  of  Fossils,  from  the  vicinity  of 
Z/Ouisvillej  jKy,;  by  James  Hall  and  R.  R  Whitfield  (con- 
tinned).  12  pp.  8vo.  Published  June  12,  in  advance  of  the 
Report  on  the  State  Museum. — The  species  described  are  Brachio- 
pods,  Gasteropods  and  Conchifers,  of  the  Silurian  and  Devonian. 

12.  Coed  of  Lota. — Prof  Agassiz  states  in  his  letter  (see  p.  134) 
that  the  coal  of  Lota,  and  of  other  localities  in  the  vicinity,  north 
and  south,  is  unquestionably  Cretaceous.  It  is  covered  with  beds 
containing  Baculites,  many  specimens  of  which  he  has  collected. 

18.  On  the  Rate  of  Qrovsth  of  Coral  Reefs;  by  James  D.  Dana. 
— Allowing  that  the  Madrepora  of  the  wreck,  mentioned  on  page 
126,  may  grow  3  inches  in  height  a  year,  and  that  other  Madre- 
pores increase  in  the  same  ratio,  it  is  still  not  easy  to  deduce  from 
it  the  rate  of  increase  of  the  reef  In  the  first  place,  the  whole 
Madrepore  is  growing  over  the  sides  of  its  branches,  at  the  rate, 
if  we  may  judge  from  the  size  of  the  trunk  at  base,  of  a  tenth  of 
an  inch  a  year,  thus  increasing  annually  the  diameter  a  fifth  of  an 
inch  a  year,  which,  in  a  large  species,  is  a  very  great  addition  to 
the  three  inches  per  year  at  the  extremities  of  the  branches, 
.^ain,  the  branches  of  the  large  Madrepore  of  the  wreck  were 
widely  spaced,  those  of  M,  cervicomis  having  intervals  of  from 
six  to  eighteen  inches  or  more  between  the  branches. 

In  fact  it  is  impossible  to  make  any  exact  estimate  of  the 
amount  of  increase  without  a  knowledge  of  the  weight  of  the  part 
annually  added.  This  ascertained,  it  would  be  easy  to  calculate 
how  much  the  added  coral  would,  if  ground  up,  raise  the  area  that 
is  covered  by  the  Madrepora.  A  rough  estimate  gives  the  author 
an  average  increase  to  this  surface  of  a  fourth  of  an  inch  a  year. 
But  this  fourth  must  be  much  reduced,  if  we  would  deduce  the 
rate  of  growth  of  the  reef;  because  a  large  part  of  the  reef-grounds 
— that  IS,  of  the  region  of  soundings  receiving  the  coral  debris — 
is  bare  of  growing  corals.  This  is  the  case  with  much  the  larger 
portion  of  all  lagoons  and  channels  among  reefs,  the  bottoms  of 
which,  as  already  explained,  are  often  sandy  or  muddy,  and  to  a 
great  extent  so  because  too  deep  for  living  corals ;  and  it  is  true 

*  The  comparison  of  the  rod  of  Rlidbdopleura  with  that  of  a  grnptolite  has  al- 
ready been  made  by  Dr.  Nicholson  ('*  Manual  of  Zoolopry"),  though  he  adopts  the 
more  generally  accepted  view  wh>ch  finds  hydrozoal  rather  than  polyzoal  affinities 
is  the  graptolites. 
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even  of  the  coral  plantations,  these  including  many  and  laigo 
barren  areas.  These  unproductive  portions  of  reef-grrounds  oon- 
stitute  ordinarilv  at  least  two-thirds  of  the  whole ;  and  makiiig 
this  allowance,  tne  estimate  of  one-fourth  of  an  inch  a  year  wonlS 
become  one-twelfth  of  an  inch. 

Again,  shells  add  considerably  to  the  amount  of  oalcareoai 
material,  perhaps  one-sixth  as  much  as  the  corals ;  but  against  thii 
we  may  set  off  the  porosity  of  the  coraL 

The  rate  of  growth  of  the  Mceandrina  divosa^  stated  on  page 
125,  would  make  the  rate  of  increase  in  the  reef  very  much  less 
rapid.  The  specimen — grown  within  fourteen  years — ^weighs  24 
oz.  avoirdupois,  and  has  an  average  diameter  of  7  inches.    This 

fives  for  the  amount  of  calcareous  material — ^the  specific  gravity 
eing  2*523  (p.  99) — 16*45  cubic  inches;  which  is  sufficient  to 
raise  a  surface  seven  inches  in  diameter  to  a  height  of  0*428  inch; 
and  consequently  the  average  yearly  increase  would  be  aboiit 
l-3dd  of  an  inch.  Allowing  for  two-thirds  of  the  reef-ground 
being  unproductive  in  corals,  the  rate  of  increase  for  the  whole 
would  become  1-1 00th  of  an  inch.  But  supposing  that  sheUs  add 
one-fourth  as  much  as  the  corals  to  the  reef  material,  the  rate  of 
increase  would  become  about  l-80th  of  an  inch  per  year. 

The  specimen  of  Oeulina  diffusa^  referred  to  on  page  125, 
weighs  44  ounces,  which  is  five-sixths  more  than  that  of  the 
MsBandrina,  while  the  average  diameter  of  the  clump  is  the  same. 
The  average  annual  increase  would  consequently  cover  a  circular 
area  of  7  mches  diameter  1-1 8th  of  an  inch  deep.  And  making 
the  same  allowances  as  above,  the  rate  for  the  year  for  the  whole 
reef-grounds  would  be  l-44th  of  an  inch.  The  specimen  of  Msean- 
drina  mentioned  by  Major  Hunt  is  not  here  made  the  basis  of  a 
calculation,  because  we  have  not  the  specimen  for  examination, 
and  it  is  not  certain  that  the  diameter  stated  by  him  was  not  the 
horizontal  diameter. 

These  estimates  from  the  Mceandrina  clivosa  and  Ocuiina 
difusa  have  this  great  source  of  uncertainty,  that  the  growth  of 
the  groups  may  not  have  been  begun  in  the  first  year  of  the  four- 
teen. Further,  the  corals  obtained  by  Major  Hunt  near  Fort 
Taylor,  Key  West,  may  not  have  been  as  favorably  situated  for 
growth  as  those  of  the  outer  margin  of  the  reef  Again,  we  have 
made  no  allowance  for  the  carbonate  of  lime  that  is  supplied  by 
the  waters  by  way  of  cement,  supposing  that  this  must  come 
originally,  for  the  most  part,  from  the  reef  itself.  Besides,  we 
have  above  supposed  all  the  coral  reef-rock  to  be  solid,  free  from 
open  spaces ;  and,  further,  it  is  not  considered  that  much  of  it  is 
a  coral  conglomerate,  in  which  the  fragments  have  their  original 
porosity. 

On  the  other  side,  we  have  not  allowed  for  loss  of  debris  from 
the  reef  grounds  by  transportation  into  the  deep  seas  adjoining, 
believing  the  amount  to  be  very  small. 

Whatever  the  uncertainties,  it  is  evident  that  a  reef  increases 
its  height  or  extent  with  extreme  slowness.     K  the  rate  of  upward 
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progress  is  even  one-sixteenth  of  an  inch  a  year,  it  would  take  for 
an  addition  of  a  single  foot  to  its  height  one  hundred  and  ninety 
years,  and  for  Jioe  feet  a  thousand  years. 

It  is  here  to  be  considered  that  the  thickness  of  a  growing  reef 
could  not  exceed  twenty  fathoms  (except  by  the  few  feet  added 
through  beach  and  windnirift  accumulations),  even  if  existing  for 
hundreds  of  thousands  of  years,  unless  there  were  at  the  same 
time  a  slowly  progressing  subsidence ;  so  that  if  we  know  the 
possible  rate  of  increase  m  a  reef,  we  cannot  infer  from  it  the 
actual  rate  for  any  particular  reef;  for  it  may  have  been  very 
much  slower  than  tnat.  Without  a  subsidence  in  progress,  the 
reef  would  increase  only  its  breadth. — Dana^s  Corals  and  Coral 
Islands^  pp.  250-253. 

18.  Revue  de  Oiologie  pour  les  annies  1868  and  1869,  par  M. 
Dblsssr  et  M.  de  Lappa rknt.  Vol  viii  1872.  Paris  (Dunod, 
Bditeur). — ^This  Review  will  be  found  of  great  value  to  ill  in- 
terested in  the  progress  of  geological  science,  or  in  its  practical 
applications  in  connection  with  mining,  artesian  explorations, 
tunneling,  etc.     It  has  now  reached  its  eighth  volume. 

19.  Memoirs  of  the  Geological  Survey  of  India, — Vol  vii,  Pare 
1,  contains  papers  on  the  Vindhyan  Series  in  the  Northwestern 
and  Central  rrovinces,  by  F.  R.  Mallet ;  Mineral  Statistics  of  In- 
dia, Coal,  by  Thomas  Oldham ;  Geology  of  the  Shillong  Plateau, 
by  H.  R.  Medlicott;  Part  2,  the  papers  on  the  Kurhurban  and 
I>eoghur  Coal-fields,  by  T.  H.  Hughes ;  and  Part  3,  on  the  Aden 
Water  Supply,  by  F.  K,  Mallet,  and  on  the  Karanfura  Coal-field, 
by  T.  EL  Hughes. — Tlie  paleontological  part,  issued  in  1871,  in 
4to,  Vol.  ni,  contains  as  §er.  vi,  the  Pelecypoda,  with  a  review 
of  all  known  genera  of  this  class,  fossil  and  recent,  by  F.  Stoliczka, 
illustrated  by  numerous  plates ;  and  Ser.  vii,  Kutch  Fossils,  some 
Tertiary  Crabs,  by  F.  Stoliczka,  also  illustrated  in  excellent  style. 

20.  Gedogicfd  Survey  of  Canada^  Alfred  C.  Selwyn,  F.G.S., 
Director,  jftepwi  of  Progress  for  1870-71,  352  pp.,  8vo.  1872. — 
This  volume  contams  Reports,  by  the  Director  of  the  Survey, 
on  the  progress  of  the  Survey  and  on  the  Gold  Fields  of  Quebec 
and  Nova  Scotia ;  by  Messrs.  L.  W.  Bailey  and  G.  F.  Matthew 
on  Southern  New  Brunswick;  by  Mr.  Robb  on  Northwestern 
New  Bnmswiok ;  by  Mr.  Richardsox  on  the  country  north  of 
Lake  St,  John ;  by  Mr.  Vennor  on  Frontenac,  Leeds  and  Lanark 
CoSb,  Ontario ;  by  Mr.  Broome  on  Phosphate  of  Lime  and  Mica ;  by 
Mr.  Bell  on  the  region  north  of  Lake  Superior.  The  most 
elaborate  report  is  that  of  Messrs.  Bailey  and  Matthew.  Their 
report  gives  a  full  account  of  the  geology  of  the  region  up  to  the 
present  time,  and  of  the  progress  of  discovery  with  reference  to  it, 
taking  up,  in  succession,  tne  Laurentian  areas  and  rocks,  the 
Huronian  or  those  regarded  as  probably  of  this  system,  the  Prim- 
ordial under  the  name  of  the  St.  John  Group,  the  Upper  Silurian, 
the  Devonian,  the  Lower  Carboniferous,  the  Carboniferous  or  Coal 
Measures,  and  the  Triassic  or  New  Red  Sandstone.     The  geology 

Am.  Jocit.  8ci.— Thibd  Sbribs,  Vol.  IV,  Na  20.— August,  1872. 
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of  New  Brunswick  was  well  posted  up  by  Dr.  Dawson,  in  1868, 
in  the  second  edition  of  his  excellent  Acadian  Geology,  and  illus- 
trated by  a  geological  map.  The  authors  give  a  more  detailed 
account  of  some  parts  of  the  subject,  together  with  the  results  of 
their  recent  explorations. 

The  St.  John  Group,  or  Primordial  beds,  the  most  interesting  of 
all  the  formations,  first  reco<;nized  as  distinct  from  the  adjoinms 
beds  bv  Mr.  ^latthew,  was  first  proved  to  be  Primordial  by  Prof 
C.  F.  bartt,  his  discoveries  with  regard  to  the  fossils,  added  to 
those  previouslv  obtained,  enabling  him  to  announce  this  con- 
clusion with  full  confidence,  the  species  of  X»n^rti/d,  ParO' 
doxide^y  Agnostus^  ConocephaliU*^  Obdelkp^  «S:c.,  placing  it  be- 
yond doubt.  The  formation  consists  mainly  of  shales  and  is  stated 
to  be  a  little  over  2000  feet  in  thickness  It  occurs  in  Southern 
New  Brunswick  in  the  depression  extending  from  the  city  of  St 
John  bv  wav  of  Loch  Lomond  lakes  to  Hammond  river,  and  in 
the  vallev  of  the  Eennebecasis,  and  St.  John  rivers,  in  St.  John 
and  Nortliem  Kings  Counties,  and  perhaps  also  in  the  Nerepis 
valley  and  at  some  other  points.  The  strata  of  these  regions  are 
particularly  described  in  the  report,  to  which  the  reader  is  referred 
tor  special  information  on  this  and  other  points  in  Southern  New 
Brunswick  Geologv. 

21.  ^iriuitjite^  Jxcepptritt'. — Kenngott,  id  the  February  number 
of  the  Jahrbuch  fUr  Mineralogie,  has  applieil  to  the  chrysolite 
containing  zinc,  descriKil  by  Rcppper  in  this  Journal,  II,  1,  35,  the 
name  StiHifi<fiU^  and  to  the  m'iitt:fatte-fian  doIoii*i(e^  of  the  same 
author  and  page,  the  name  J2iVpptritt\  The  former  is  named 
Ro?p|H*riie  by  Prof.  Brush  in  the  supplement  to  Dana's  Mineralogy, 
issueil  a  month  later  in  March  last.  As  the  silicate  is  more 
des<»r>-ing  of  a  distinct  name,  it  is  to  be  regretted  that  Roepper's 
name  cannot  be  afiixed  to  it. 

The  Jahrbuch  f&r  Mineraloirie,  Geoioirie  und  Paheimtoloeie,  of 
Leonhard  and  Geinitz  formerly  Leonhard  and  Bronii),  published 
at  Stuttgart,  is  the  onlv  journal  in  which  minenilogists  will  find 
all  the  latest  uiiufralogieal  news.  It  is  an  excellent  journal  also 
in  its  other  departments,  gt-ology  and  paleontology. 

22.  Oli*j*x'ltfK  jh.'in  Wii/nt'hijU^n,  iJtlawate, — N.  Teclu  gives 
for  the  composition  of  this  oligoclase,  \ 

^i  •>4  15.  alurr.iaa  23  J'x  lime  *JS4.  sola  9n4  i>.^t«5h  li:=101-30. 

The  mineral  is  described  as  remarkable  for  having  cleavage 
parallel  to  Ivth  prismatic  faces. 

2o.  f^rypfomorph^**  in  Xrr'.hia. — Professor  Daviiison  mentions 
the  occurrence  or*  this  Karate  in  Nevada  in  noduk*s  from  four  or 
six  inches  to  as  many  feet,  -V  specimen  had  the  apjH?arance  of 
French  prepare^l  chalk.  It  ixvuir^  i:i  extensive  deposits,  but  the 
locality  the  discovt- rer  dei^'linod  to  disclose.  Or.  Blake  had  found 
it  to  be  a  form  oi  In^rate  of  lime. — P.:x\  t  al.  Af>.id.  *St'j.,  iv,  195. 

24.  Zewi-.riti  of  A.  Weisbach,  an  ar^H'^U  of  uranium  and  cop- 
per, related  to  uranite  in   luster,   gras^-green   color,   tetragonal 
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rystallization  and  easy  basal  cleavage.     G.  =  3*2.   Composition 
.ccording  to  Winkler, 

la  161,  ^  55-6,  Pe  b%  Cu  87,  Ca  12,  fl  ]4-5=100-3. 

^'rom  the  analysis  is  deduced  the  oxygen  ratio  for  the 

6u,  ^,  Isjfl,  3:  18:10:24. 

Tahrh.  Min.,  Feb.,  1872,  207. 

25.  On  a  Transparent  Garnet  from  JbrdansmUhl  m  jSilesia;  by 
tfr.  Wkbsky  of  Breslau. — This  garnet  is  colorless  and  has  G.= 
{•609.  The  form  is  the  dodecahedron,  but  with  a  very  obtuse 
etrahexahedron  i-^^^.     It  afforded  Websky  on  analysis, 

\i  37-88,  Xl  2113,  f  e  4*19,  fin  0*45,  ^i  0-28,  Mg  288,  Ca  31-28,  fl  1  08=99.17 ; 

vbence  it  is  essentially  an  alumina-lime  garnet. 

26.  On  the  composition  of  the  vapors  or  gas  escaping  in 
he  Phlegroean  Fields  and  other  places  near  Vesuvius  /  by  Mr. 
]rORCEix. — At  the  great  Solfatara,  the  gas  of  the  20th  of  July 
consisted  of  sulphuretted  hydrogen  7*0,  carbonic  acid  88*8,  oxygen 
)-7,  nitrogen  4-5.  On  the  24tb,  US  5-0,  CO*  80-0,  O  2-7,  N  12-3,  the 
temperature  of  the  gas  was  110®  to  120'C.  On  the  25th  the  gas 
ifforded  HS  10-0,  CO«  73-3,  O  30,  N  13-7. 

At  the  Grotto  di  Zolfo  the  gas  from  the  entrance  consisted  of 
US  4-7,  CO*  88-2,  O  0-7,  N  with  combined  gas  6-4 ;  and  that  from 
;he  interior  gave  for  the  same  ingredients  the  numbers  5'7,  87*8, 
)*7,  5*8.  The  gas  from  the  baths  at  Lake  Agnano,  taken  on  the 
>4th  of  July,  afforded  in  two  analyses,  CO*  83-3,  869,  O  4-1,  2-0, 
^  12 '6,  11*1,  with  a  trace  of  HS  in  the  second.  In  other  portions 
here  was  less  of  carbonic  acid  and  more  of  atmospheric  acid. 

At  Torre  del  Greco  gas  escaping  from  fissures  in  the  lavas  of 
ihe  recent  eruption  afforded  IIS  20*0,  CO*  91-5,  O  0*7,  N  with  com- 
3ined  gas  7 '8.  [These  numbers  do  not  foot  up  100,  and  either  that 
"or  HS  or  that  for  CO  must  be  20  or  less  in  errorj.  At  Chiata- 
none  the  gas  consisted  of  CO*  821,  O  1-7,  N  16*2.— ^nw.  Ch. 
Phys,^  IV,  XXV,  559. 

27.  Note  on  lihinosaurus  ;  by  O.  C.  Marsu. — In  the  June  num- 
ber of  this  Journal  (p.  461),  I  proposed  the  name  Rhinosaunis 
or  a  new  genus  of  Mosasauroid  reptiles.  As  this  name  proves  to 
>e  preoccupied,  it  may  be  replaced  by  Tylosaurus.  The  name 
Rhamphosaurus,  since  suggested  by  Prof.  Cope,  cannot  be  retained, 
w  it  was  given  to  a  genus  of  lizards  in  1843  by  Fitzinger. 

in.  Zoology  and  Botany. 

1.  Note  on  Intelligence  in  Monkeys ;  by  Prof.  Cope. — I  have 
iwo  species  of  Cebus  in  my  study,  C,  capucinus^  and  a  half-grown 
(/.  apella.  The  former  displays  the  usual  traits  of  monkey  ingen- 
lity.  He  is  an  admirable  catcher,  seldom  missing  anything,  from 
I  large  brush  to  a  grain,  using  two  hands  or  one.  His  cage  door 
is  fastened  by  two  hooks,  and  these  are  kept  in  their  places  by 
nails  driven  m  behind  them.  He  generally  finds  means  sooner 
Dr  later  to  draw  out  the  nails,  unhook  the  hooks  and  get  free.  He 
then  occupies  himself  in  breaking  up  various  objects  and  examin- 
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ing  their  interior  appearances,  no  doubt  in  search  of  food.  To 
prevent  his  escape  I  fastened  him  by  a  leather  strap  to  the  slats 
of  the  cage,  but  he  soon  untied  the  knot,  and  then  relieyed  him- 
self of  the  strap  by  cutting  and  drawing  out  the  threads  which 
held  the  flap  for  the  buckle.  He  then  used  the  strap  in  a  novel 
way.  He  was  accustomed  to  catch  his  food  (bread,  potatoes,  fruit, 
etc.),  with  his  hands,  when  thrown  to  him.  Sometimes  the  pieces 
fell  short  three  or  four  feet.  One  day  he  seized  his  strap  and 
began  to  throw  it  at  the  food,  retaining  his  hold  of  one  end.  He 
took  pretty  correct  aim,  and  finally  drew  the  pieces  to  within  reach 
of  his  hand.  This  performance  he  constantly  repeats,  hooking  and 
pulling  the  articles  to  him  in  turns  and  loops  of  the  strap.  Some- 
times he  loses  his  hold  of  the  strap.  If  the  poker  is  handed  him, 
he  uses  that  with  some  skill,  for  the  recovery  of  the  strap.  When 
this  is  drawn  in,  he  secures  his  food  as  before.  Here  is  an  act  of 
intelligence  which  must  have  been  originated  by  some  monkey, 
since  no  lower  or  ancestral  type  of  Mammals  possess  the  hands 
necessary  for  its  accomplishment.  Whether  originated  by  Jack, 
or  by  some  ancestor  of  the  forest  who  used  vines  for  the  same 
purpose,  cannot  be  readily  ascertained. 

After  a  punishment,  the  animal  would  only  exert  himself  in  this 
way  when  not  watched ;  as  soon  as  an  eye  was  directed  to  him, 
he  would  cease.  In  this  he  displayed  distrust  He  also  usually 
exhibited  the  disposition  to  accumulate  to  be  quite  superior  to 
hunger.  Thus  he  always  appropriated  all  the  food  within  reach 
before  beginning  to  eat.  Wnen  different  pieces  were  offered  to 
him,  he  transferred  the  first  to  his  hind  feet  to  make  room  for 
more ;  then  filled  his  mouth  and  hands,  and  concealed  portions 
behind  him.  With  a  large  piece  in  his  hands,  he  would  pick  the 
hand  of  his  master  clean  before  using  his  own,  which  he  was  sure 
of. — Proc,  Acad.  Nat  Set,,  April,  1872,  p.  40. 

2.  Curious  Habit  of  a  Snake  ;  by  Mr.  Cope. — Mr.  Cope  made 
the  following  remarks: — I  had  for  some  time  a  specimen  of 
Cyclophis  cBStivits,  received  from  Fort  Macon,  N.  C,  through  the 
kindness  of  Dr.  Yarrow,  living  in  a  wardian  case.  The  slender 
form  of  this  sniike,  and  its  beautiful  green  and  yellow  colors,  have 
led  to  the  opinion  that  it  is  of  arboreal  or  bush-lovinff  habits.  It 
never  exhibited  such  in  confinement,  however,  ana  instead  of 
climbing  over  the  Caladia,  ferns,  etc.,  lived  mostly  under  ground. 
It  had  a  curious  habit  of  projecting  its  head  and  two  or  three 
inches  of  its  body  above  the  ground,  and  holding  them  for  hours 
rigidly  in  a  fixed  attitude.  In  this  position  it  resembled  very 
closely  a  sprout  or  shoot  of  some  green  succulent  plant,  and  might 
readily  be  mistaken  for  such  by  small  animals. — Ibid. 

3.  Diatoms  in  Hot  Springs. — Dr.  Blake  has  collected  diatoms 
at  a  hot  spring  in  Pueblo  valley,  Humboldt  Co.,  Nevada,  the  tem- 
perature of  which  was  163®  F.  More  than  fifty  different  species 
were  recognized  by  him ;  and  they  were  found  to  be  mostly  iden- 
tical with  the  species  found  in  beds  of  infusorial  earth  in  l^tah 
and  described  by  Ehrenberg,  showing  that  the  latter  must  have 
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been  accomnlated  in  a  hot  lake,  of  about  the  same  temperature. 
No  other  living  species  were  found  in  the  hot  waters,  excepting 
red  algffi.  The  deposit  was  a  large  one,  and  in  it  there  were  con- 
cretions of  silica.  On  making  a  thin  section  of  one  of  these  con- 
cretions, a  pair  of  legs  of  a  coleopterous  insect  was  visible  in  the 
quartz ;  the  greater  part  of  the  concretion  was  made  up  of  petrified 
algae. 

In  one  of  the  hot  springs  at  the  California  geysers,  having  a 
temperature  of  198®  F.,  he  found  two  kinds  of  Conferva,  one 
capillary,  resembling  Hydrocrocis  Bischoffii^  but  larger,  the  other 
a  filament,  with  globular  enlargements  at  intervals.  In  another 
spring,  the  temperature  174°  R,  manv  Oscillariae  were  found, 
which  by  the  interlacement  of  their  delicate  fibers  formed  a  semi- 
gelatinous  mass ;  and  also  two  diatoms.  In  the  water  of  the  creek 
of  Geyser  Canon,  112°  F.,  the  alg®  formed  layers  sometimes  3 
inches  thick  covering  the  bottom  of  the  pools,  and  the  same  dia- 
toms were  found  as  in  the  174°  spring.  The  waters  are  acidulated 
by  the  presence  of  free  sulphuric  acid,  and  Dr.  Blake  suggests 
that  thin  may  account  for  the  rarity  of  diatoms. — Proc,  Col,  Acad, 
Sci.,  iv,  183,  189,  193,  197. 

4.  Z/i/e  in  the  Mammoth  Cave,  The  Mammoth  Cave  and  its 
inhabitants,  or  descriptions  of  the  Fishes^  Insects  and  Crustaceans 
found  in  the  Cave  ;  with  figures  of  the  various  species  and  an 
account  of  allied  forms^  comprising  notes  upon  their  structure^ 
developments  and  habits,  with  remarks  upon  subterranean  life  in 
general ;  by  A.  S.  Packard,  Jr.,  and  F.  W.  Putnam,  Editors  of 
the  American  Naturalist.  62  pp.  8vo.  Salem,  1872. — ^This  excel- 
lent and  most  interesting  memoir  first  appeared  in  the  American 
Naturalist  for  December,  1871,  and  January,  1872.  It  treats  of 
one  of  the  most  curious  departments  of  natural  history, — the  sub- 
terranean life  of  the  continent  and  world,  and  is  illustrated  by  two 
plates  and  many  wood-cuts.  The  work  is  got  up  in  fine  style,  and 
IS  issued  by  the  Naturalist's  Agency  at  Salem. 

6.  Meproduction  of  Sponges, — Mr.  H.  J.  Carter  has  an  impor- 
tant article  on  this  subject  in  the  Ann.  Mag.  Nat.  Hist,  for  June, 
and  also  in  the  same  nimiber  he  describes  two  new  sponges  from 
the  Antarctic  Sea,  and  a  new  species  of  Tethya  from  Shetland. 

6,  Robert  Brown^s  first  Botanical  Paper,  "  The  Botanical 
History  of  Angus,''*  which  was  read  before  the  Edinburgh  Nat- 
ural History  Society  on  the  26th  of  January,  1792,  and  was  found 
in   its  MS.  records  last  summer  by  Dr.   Carruthers,  has  been 

Srinted  in  the  Journal  of  Botany,  British  and  Foreign,  for 
Tovember  last.  It  mainly  consists  of  notes  upon  the  rarer  plants 
which  the  writer  collected  in  Angusshire  in  the  summer  of  1791, 
He  was  then  in  his  18th  year.  The  most  interesting  article  con- 
tained in  it  is  that  upon  brosera  rotwidifolia  which  is  as  follows: 
*'*'  Drosera  rotundifolia  is  a  plant  not  unfrequently  to  be  met 
with  on  marshy  ground.  According  to  Mr.  Lightfoot,  the  longi- 
yb/uz  is  equally  common  in  Scotland,  but  this  is  far  from  being 
really  the  case.    It  has  of  late  been  asserted  that  the  leaves  of 
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the  Droeera  have  the  power,  when  a  email  body  is  applied  to  their 
upper  surlace,  of  contracting  and  enclosing  the  sabstance  bo 
applied,  by  this  means  in  many  cases  proving  a  trap  to  those 
insects  which  happen  to  light  upon  them.  The  examination  of  this 
fact  is  certainly  worth  the  attention  of  the  naturalist.  In  the  sec- 
ond edition  of  Witheiing's  *  Botanical  Arrangement,'  it  is  alleged 
that  this  phenomenon  was  observed  immediately  to  follow  the 
application  of  the  substance.  But  it  appears  from  works  of  a  late 
German  author,  that  several  hours  generally  elapsed  before  the 
leaf  was  completely  folded  together.  The  same  author  observes 
that  when  an  insect  is  placed  upon  a  leaf  it  naturally  endeavors 
to  escape,  but  is  prevented  by  the  viscid  juice  which  is  secreted 
by  the  long  hairs  on  its  upper  surface.  In  a  short  time  these  hairs 
begin  to  be  bent  inward,  and  gradually  clasp  the  insect,  which 
about  thb  time  is  found  dead,  not  so  much  in  all  probability  from 
the  pressure  of  the  hairs,  which  cannot  be  great,  but  rather  from 
the  nature  of  the  fluid  which  they  exude.  After  the  hairs  have 
thus  enclosed  the  animal  the  leaf  itself  begins  to  contract,  and  by 
very  slow  degrees  at  last  covers  its  prey.  Although  I  by  no 
means  pretend  to  deny  the  fact  alleged  by  Dr.  Withering,  which 
was  related  from  the  actual  experinnent,  yet  I  am  more  inclined 
to  give  more  credit  to  the  German  author's  experiments.  In  a 
few  trials  which  I  made  myself  no  contraction  followed  after  a 
very  considerable  time,  nor  did  I  at  all  observe  it.  But  as  it  must 
be  owned  that  these  were  made  with  a  pin  instead  of  an  insect, 
I  cannot  pretend  to  contradict  the  fact,  out  rather  to  blame  the 
mode  in  which  the  trials  were  made.  For  it  is  well  known  to 
every  one  who  has  seen  this  plant  in  the  growing  state  that  many 
of  its  leaves  are  generally  folded,  and  if  these  are  opened  there 
is  always  found  some  substance  enclosed.  If,  therefore,  the  Drosera 
is  endowed  with  such  a  power  (and  there  is  the  strongest  reason 
to  believe  it  is),  we  shall  have  some  difficulty  in  accounting  for  it 
on  principles  merely  mechanical." 

The  "  German  author  "  referred  to  was  probably  Roth.  In  our 
November  number  an  observation  on  the  folding  of  the  leaf  of 
2>.  longifolia  by  Mrs.  Treat  of  New  Jersey  is  recorded,  and  was 
thought  to  be  wholly  new.  a.  g. 

7.  Prantl's  memoir  upon  Intdine,  an  inaugural  dissertation,  we 
believe,  crowned  by  Munich  University,  and  printed  in  Bot.  Zeit., 
1870,  No.  39,  is  thus  noticed: — 

"  The  results  obtained  V>y  the  author  of  this  memoir  are  in  all 
essential  features  in  accordance  with  what  MM.  N&geli  and  Sachs 
have  said  of  inuline.  M.  Prantl  describes  this  substance  as  a 
hydrate  of  carbon,  which  differs  from  starch,  cellulose,  and  lichen- 
ine,  in  never  taking  on  an  organic  form.  Its  fixity  sufficiently 
differentiates  it  from  dextrine.  It  seems  to  approach  most  nearly 
to  cane-sugar. 

"  Inuline  is  constantly  found  in  plants  in  the  form  of  a  solution 
of  1  part  of  inuline  to  7  of  water.  As  in  artificial  solutions,  0*01 
gram  of  inuline  saturates  100  cub.  centims.  of  water,  we  may  sup- 
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pose  that  when  dissolving  in  the  plant  it  undergoes  transforma- 
tion.    It  never  appears  except  in  subterranean  organs. 

"  This  substance  is  pretty  frequently  produced  in  plants  of  dif- 
ferent families,  but  especially  in  the  Compositse.  The  Dahlia  and 
certain  Helianthi  contain  considerable  quantities  of  it. 

"  From  a  physiological  point  of  view,  inuline  plays  exactly  the 
part  of  one  of  those  nutritive  principles  which  are  put  in  reserve, 
such  as  starch,  sugar,  oils,  <&c.  As  we  have  just  said,  it  exists 
exclusively  in  subterranean  organs,  tubers,  or  rhizomes.  At  the 
moment  of  growth  it  is  transibrmed  into  cane  sugar  toward  the 
collar  of  the  root,  then  mounts  into  the  stem  in  the  form  of  starch, 
and  thus  passes  to  the  buds.  Subsequently,  the  starch  produced 
in  the  leaves  descends  along  the  stem  in  the  form  of  starch  itself 
or  of  sugar,  and  it  is  only  on  its  arrival  in  the  root  that  it  takes  on 
the  form  of  inuline." 

The  concluding  portion  of  Micheli's  revision  is  devoted  to 
fecundation  in  phaenogamous  plants,  and  the  part  which  insects 
play  in  it.  Upon  this  topic  the  readers  of  this  Journal  have  been 
kept  in  a  general  way  informed.  a.  g. 

8.  The  Mry^phsi  of  the  United  States.  26  species  are  enumer- 
ated in  Seemann's  (now  Trimen  and  Baker^s)  Journal  of  Botany  for 
Jan.,  1872,  in  an  article  by  Mr.  Cooke  and  C.  H.  Peck  of  Albany ; 
and  half  that  number  of  Schweinitz's  species  of  Eryaiphe^  and 
one  or  two  of  Berkeley  and  Curtis,  are  appended  as  Species 
inquirendae.     A  supplement  appears  in  the  June  number,     a.  g. 

9.  Kan-Bun  is  the  name  of  a  Chinese  culinary  vegetable,  known 
under  the  English  name  of  cane-shoots,  upon  wnich  Dr.  Hance  has 
an  article  in  the  May  number  of  the  Journal  of  Botany.  He  com- 
mends it  as  one  of  the  nicest  vegetables  known,  in  flavor  nearest 
the  American  "  green  corn,"  but  of  a  peculiar  richness  and  delicacy. 
He  has  ascert.ained  that  these  cane-shoots  are  the  solid  base  of  a 
grass,  viz.  oi  Hydropyrum  latifolium  of  Grisebach,  which  is  so  very 
nearly  allied  to  our  American  H,  esctdentum,  L  e.,  to  Zizania 
aquaticd^  that,  if  not  the  very  same.  Dr.  Hance  thinks  it  probable 
our  wild  rice  may  afford  similar  esculent  roots, — which  may  be 
worth  attending  to.  a.  g. 

10.  Martiua^  Jtlora  Brasilieusia^  fasa  66,  contains  Violaceoe^  Sau- 
vngesiacece  (restored  to  a  distinct  order,  with  indications  of  nearer 
affinities  to  Pamaana  and  to  Hypericaceoe  than  to  Violacece)^ 
BixaceoB  (well  including  Samydaceoe)^  Cistace^je^  and  Canella>C(€^ 
the  last  two  each  of  a  single  genus  and  species,  by  the  editor.  Prof 
Eichler ;  Tropcpolacem  (which  we  like  to  see  kept  separate  from 
GeranicoB  proper,  but  not  as  an  order),  MoUuginaceoe^  Alsina<:eff', 
SUenacecB^  Portalaccacece^  Ficoidacem^  and  ElatinacecB  (very 
small  orders  in  Brazil,  but  their  exposition  accompanied  by 
some  acute  remarks),  by  the  late  Dr.  Rohrbach,  whose  early 
death  is  much  to  be  regretted.  Systematic  botanists  are  few  in 
Germany.  a.  g. 
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IV.  Astronomy. 

1.  On  the  Temperature  of  the  Surface  of  the  Sun ;  by  J. 
Ericsson. — It  will  be  recollected  that  Messrs.  M.  K  Vicaire  and 
Sainte-Claire  Deville  read  some  papers  before  the  Academy  of 
Sciences  at  Paris  last  January,  snowing  that  the  temperatoie  of 
the  solar  surface  does  not  exceed  that  produced  by  the  combostioii 
of  organic  substances,  their  reasoning  being  based  on  the  law 
of  radiant  heat  established  by  the  inyestigations  of  Dulong  and 
Petit.  I  have  in  the  meantime  instituted  a  series  of  experiments 
on  a  comparatively  large  scale,  in  order  to  test  the  correctness  of 
the  said  law.  Accordingly,  the  dynamic  energy  developed  by  the 
radiation  of  a  mass  of  fused  iron  weighing  7,000  pounds,  raised  by 
"  overheating  "  in  the  furnace  to  a  temperature  of  3,000**  F.,  has 
been  carefully  measured. 

Sir  Isaac  "n  ewton  assumed  that  the  quantity  of  heat  lost  or 
gained  by  a  body  in  a  given  time  is  proportional  to  the  difference 
between  its  temperatr.re  and  that  of  the  Rurrounding  medium. 
Some  eminent  scientists,  however,  accepting  Dulong's  conclasions 
and  formula,  assert  positively  that  the  stated  Assumption  is  incor- 
rect. In  so  doing  they  apparently  overlook  the  conditions  insep- 
arable from  the  I^ewtonian  doctrine,  namely,  that  the  conduct- 
ing power  of  the  radiating  body  should  be  perfect ;  that  at  every 
instant  the  temperatui^e  pervading  the  interior  mass  should  be 
transmitted  to  the  surface.*  It  needs  no  demonstration  to  prove 
that  if  the  conducting  power  of  a  body  be  so  perfect  that  the 
temperature  of  the  center  is  at  all  times  the  same  as  that  of  the 
sui-face ;  in  other  words,  that  the  fall  of  temperature  at  the  center, 
occasioned  by  radiation,  is  as  rapid  as  the  fall  of  temperature  at 
the  surface,  the  rate  of  cooling  of  such  a  body  will  be  very  different 
from  that  observed  by  Dulong  and  Petit.  The  investigation  in- 
stituted by  those  experimentalists  has  in  reality  established  only 
the  degree  of  conductivity  of  the  radiators  em})loyed,  under  cer- 
tain conditions,  but  by  no  means  their  true  radiant  energy  at 
given  temperatures.  M.  E.  Vicaire  and  Sainte-Claire  Deville, 
therefore,  commit  a  serious  mistake  in  assuming  that  the  quantitii 
of  heat  transmitted  by  the  radiation  of  incandescent  bodies  at 
high  temperatures  has  been  determined.  It  may  be  observed  that 
the  relation  between  the  time  of  cooling  and  the  quantity  of  heat 
transmitted  by  radiation  which  Dulong  and  Petit  established,  also 

*  The  writer  has  just  completed  a  set  of  experiments  witli  a  spherical  radiator, 
2 '7 5  in.  in  diameter,  composed  of  very  thin  hammered  copper,  chared  with  water 
kept  in  motion  by  a  wheel  applied  within  the  spliere,  revolving  at  a  rate  ot  30 
turns  per  minute,  the  centrifugal  action  of  which  brings  the  particles  of  the  central 
portion  of  the  fluid  so  rapidly  in  contact  with  the  thin  spherical  shell,  that  the 
apparently  absurd  condition  of  perfect  conductivity  has  been  practically  fulfilled. 
The  result  of  carefully  conducted  experiments  with  this  radiator,  enclosed  in  an 
exhausted  vessel  kept  at  a  constant  temperature,  has  established  that  Newton's 
law  relating  to  radiant  heat,  up  to  a  differential  temperature  of  100**  Fahr.  (beyond 
which  the  investigation  has  not  extended),  is  rigorously  correct  The  subject  will 
be  fully  discussed  in  a  future  article. 
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• 
ed  Pouillet  regarding  the  temperature  of  the  solar  surface, 
ih  he  computed  at  1,461°  C,  or  at  most  1,761®  C.     It  will  be 

to  bear  in  mind  that  Pouillet  had  himself  ascertained  with 
iiderable  accuracy  the  temperature  produced  by  solar  radiation 
he  surface  of  the  earth;  and  also  the  retardation  suffered  dur- 
the  passage  of  the  rays  through  the  terrestrial  atmosphere. 
was  therefore  able  to  demonstrate  that  the  dynamic  enersy 
sloped  by  solar  heat  amounts  to  nearly  300,000  thermal  units 
minute  for  each  square  foot  of  the  surface  of  the  sun.  Con- 
ring  the  imperfect  means  employed  by  Pouillet,  his  "  pyrhe- 
letre,'^  the  exactness  of  his  determination  of  solar  energy  is 
arkable.  The  truth  is,  however,  that  the  near  approach  to  ex- 
less  was  somewhat  fortuitous,  the  eminent  physicist  having 
errated  the  energy  of  radiant  heat  on  the  surface  of  the  earth, 
le  proportionately  over-estimating  the  retarding  influence  of 
terrestrial  atmosphere.  The  true  dynamic  energy  developed 
*adiation  at  the  surface  of  the  sun,  exclusive  of  the  absorption 
be  solar  atmosphere — no  doubt  exceedingly  small — determined 
he  solar  calorimeter  mentioned  in  a  previous  article,  is  312,500 
mal  units  per  minute  upon  an  area  of  one  square  foot.  It  will 
proper  to  notice  that  this  amount  is  not  a  mean  result  of  a 
iber  of  observations,  but  the  greatest  energy  developed  at  any 
i  during  observations  continued  upwards  of  three  years,  namely 
ruary  28,  1871.  It  will  be  proper  to  add  that  this  result  has 
1  withheld  from  publication  until  it  could  be  verified  by  a 
nd  observation  indicating  an  equal  energy.  Fortunately  the 
at  noon,  March  7,  1872,  proved  to  be  as  clear  as  on  the  previ- 
occasion  referred  to,  the  indicated  energy  differing  only  a  few 
ired  units  from  that  developed  February  28,  1871. 
emperature  being  a  true  index  of  molecular  and  mechanical 
•gy,  conclusively  established  by  the  exact  relation  between  the 
ree  of  heat  and  the  expansive  force  of  permanent  gases  under 
Jtant  volume,  it  is  surprising  that  Pouillet  did  not  perceive 

an  intensity  of  1,461°  C.  or  1,761°  C,  could  not  possibly 
3lop  on  a  single  square  foot  of  surface  the  enormous  energy 
esented  by  300,000  thermal  units  per  minute.  M.  Vicaire, 
pting  like  Pouillet  Dulong's  formula,  states  in  the  paper  pre- 
ed  to  the  French  Academy  that  "an  increase  of  600°  is  suffi- 
t  to  increase  the  ladiation  a  hundred  fold ; "  and  that  Pouillet 
verified  Dulong's  law  to  more  than  1,000°.  "Supposing,"  he 
»rve8,  *'  that  beyond  this  temperature  the  law  ceases  to  be  true, 
innot  be  absolutely  remote  from  the  truth  for  the  temperatures 
rom  1,400°  to  1,600°,  which  we  deduce  by  adopting  the  law." 
ite-Claire  Devil  le  concludes  his  essay  on  solar  temperature 
\ : — "  In  accordance  with  my  first  estimate  I  believe  that  this 
perature  will  not  be  found  far  removed  from  2,500°  to  2,800°, 
numbers  which  result  from  the  experiments  of  M.  Bunscn,  and 
e  published  long  ago  by  M.  Debray  and  myself."  The  French 
ma  then  agree  that  the  temperature  of  the  surface  of  the  sun 
I  not  exceed  the  intensity  produced   by  the   combustion  of 
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organic  substances,  their  grounds  for  this  assumption  being,  as  we 
have  seen,  Dulong's  formula  relating  to  the  velocity  of  cooling  at 
high  temperatures.  But  Dulong  and  Petit  did  not  carry  their  in- 
vestigations practically  beyond  the  temperature  of  boiling  mercury; 
hence  their  formula  relating  to  high  temperatures  is  mere  theory, 
the  soimdness  of  which  we  have  now  been  enabled  to  test  most 
effectually  by  measuring  the  radiant  power  of  a  mass  of  fused 
metal  raised  to  a  temperature  of  3,000®  F.,  30  inches  in  depth, 
presenting  an  area  of  900  square  inches. 

Before  descnbing  the  means  which  have  been  employed  in 
measuring  its  radiant  power,  let  us  briefly  consider  the  condition 
of  the  fused  mass  during  the  experiments.  In  the  first  plac^  the 
temperature  has  been  sufficiently  high  to  produce  an  intense  white 
light,  luminous  rays  of  great  brilliancy  being  emittod  by  the 
radiant  surface  during  the  trial;  {2)  the  bulk  of  the  ^sedmass 
being  adequate,  the  intensity  of  radiation  has  been  sustained  with- 
out appreciable  diminution  during  the  time  required  for  observa- 
tion ;  ^3)  the  temperature  being  higher  than  that  which  the  French 
investigations  assign  to  the  surface  of  the  sun,  while  the  balk,  as 
stated,  is  sufficient  to  maintain  the  temperature  of  the  fused  mass, 
it  may  be  reasonably  asked,  why  an  area  of  one  square  foot  of  our 
experimental  radiator  should  not  emit  as  much  heat  in  a  given 
time  as  an  equal  area  on  the  solar  surface,  if  its  temperature  be 
that  assumed  by  Pouillet  ?  It  may  be  positively  asserted,  more- 
over, that  an  increase  of  the  dimensions  of  our  radiator  to  any 
extent,  laterally  or  vertically,  could  not  augment  the  intensity  or 
the  dynamic  energy  developed  by  a  given  area.  Again,  Dulong's 
formula,  as  applied  by  scientists,  shows  that  the  emissive  power  of 
a  metallic  radiator,  raised  to  a  temperature  of  3,000°,  reaches  the 
enormous  solar  emission  c<imputed  by  Pouillet. 

[The  description  and  drawings  of  the  calorimeter  used  with 
the  account  of  the  method  of  experimenting  are  here  omitted. — 
Eds.] 

Having  thus  ascertained  practically  the  amount  of  dynamic 
energy  developed  by  the  radiation  of  a  metallic  body  raised  to  the 
high  temperature  of  3,000°,  we  have  only  to  show  in  a  similar 
manner  the  amount  of  energy  developed  by  a  metallic  radiator  of 
a  low  temi)erature,  to  be  enabled  to  demonstrate  the  correctness 
or  fallacy  of  Dulong'^s  formula.  Numerous  experiments  have  been 
made  for  this  purpose  with  apparatus  of  different  forms,  the  results 
having  proved  substantially  alike.  The  device  most  readily  de- 
scribccl  consists  of  a  spherical  vessel  charged  with  water,  suspended 
within  an  exhausted  spherical  enclosure  kept  at  a  constant  tempera- 
ture. Rejieated  trials  show  that,  when  the  differential  tempera- 
ture is  65  ,  the  enclosure  being  maintained  at  60°,  while  the  sphere 
is  125°,  the  dynamic  energy  transmitted  to  the  enclosure  by  a 
sphere  the  convex  area  of  which  is  one  square  foot  amounts  to 
5*22  thennal  units  ])er  minute.  The  accuracy  of  this  determina- 
tion is  confirmed  by  the  ijtct  that,  during  the  summer  solstice  at 
noon,  when  the  sun's  differential  radiant  intensity  is  65°,  the  solar 
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mmeter  indicates  a  dynamio  energy  of  5*12  units  per  minute 
one  square  foot  of  surface. 

)ar  practical  investigations,  then,  show  that  a  differential  tern- 
atore  of  3,000^  developes  by  radiation  a  dynamic  energy  of 
18  thermal  units  per  minute  upon  an  area  of  one  square  foot; 

I  that  a  differential  temperature  of  65°  develops  6*22  units  per 
aute  upon  an  equal  area.     The  ratio  of  radiant  energy  at  the 

t  mentioned  intensity  will  therefore  amount  to  — —=0*337  units 

^         ^  3000 

each  dogree  of  diflferential  temperature  ;  while  for  the  low  in- 

6*22 

isity  it  will  be  —  zrO-OSO  unit  for  each  degree  of  differential 
aperature.     Consequently,  the  ratio  of  the  radiating  energy  will 

0-337 

^:^^=4-21  times  greater  at   3,000°  than   at  65°.     Now,  M. 

caire,  on  the  authority  of  Dulong,  states  that  the  ratio  will  be  a 
ndred  fold  greater  for  an  increase  of  only  600°.  According  to 
(Wton's  theory,  based  on  dynamic  laws,  the  proportion  between 
J  differential  temperature  and  the  radiant  energy  of  bodies  is 
istant ;  while  Dulong  and  Petit,  basing^  their  conclusions  upon 
erroneous  estimate  of  the  time  of  cooling,  assert  that  the  ratio 
energy  increases  several  thousand  times  when  the  temperature 
increased  from  65°  to  3,000°.  Newton,  then,  as  our  experi- 
jnts  prove,  is  incomparably  nearer  the  truth  than  the  French 
perimenters;  and  possibly  future  research  will  prove  that 
law,  when  properly  applied,  will  be  found  absolutely  correct, 
should  be  mentioned  that  the  results  of  our  experiments 
^b  the  fused  metal,  compared  with  the  results  of  other 
periments  with  solid  metals  at  various  temperatures,  show  that 
J  emissive  power  of  cast  iron  is  relatively  greater  in  a  state  of 
ion  than  when  solid,  or  merely  incandescent.  This  observed 
rease  of  emissive  power,  now  being  thoroughly  investigated, 

II  no  doubt  account  for  the  deviation  from  the  Newtonian  law 
licated  by  the  preceding  comparison,  which,  let  us  recollect,  is 
jed  upon  the  difference  of  radiant  energy  of  fused  metal  at 
00°,  and  solid  metal  at  65°.  Considering  this  extreme  range  of 
aperature,  and  the  totally  different  conditions  of  the  radiators, 
J  observed  discrepancy  is  not  too  great  to  admit  of  satisfactory 
planation. 

the  fallacy  of  Dulong's  formula  relating  to  high  temperatures 
ring  been  conclusively  shown,  it  will  not  be  necessary  to  ex- 
ine  the  calculations  of  Messrs.  M.  E.  Vicaire  and  Sain tc-Cl aire 
ville,  presented  to  the  Academy  of  Sciences  at  Paris.  Besides, 
>  question  of  solar  temperature  cannot  be  properly  investigated 
:hout  considering  the  leading  points  connected  with  the  propa- 
tion  of  radiant  heat  through  space — a  subject  of  too  wide  a 
ige  to  be  discussed  in  this  article.  It  should,  however,  be  men- 
ued  that  the  result  of  the  measurement  of  solar  intensity  March 
1872,  before  referred  to,  proves  the  correctness  of  our  previous 
nonstrations,  showing  that  the  temperature  of  the  surface  of  the 
I  is  at  least  4,036,000°  Y,— Nature,  April  26. 
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2.  Aurora  of  Febriiary  4. — Pro£  Gabb  writes  to  one  of  the 
editors,  from  San  Domingo,  under  date  of  June  18th,  that  about 
Feb.  4,  and  with  little  doubt  on  that  evening  (since  it  is  not  prob-  \ 
able  that  there  was  another  there),  ''We  were  sitting  on  the 
porch,  facing  the  north,  when  my  mother  called  our  attention  to  % 
dull  red  glow  on  the  northern  sky  extending  perhaps  30^  higli, 
considerably  above  the  pole  star ;  you  know  we  are  in  18®  N.  At 
first  my  imprcHsion  was  that  it  was  the  reflection  of  fires  on  cloadi 
— some  prairie  on  fire — but  there  were  no  clouds ;  all  of  the  stars 
shone  brightly  throuirh  it.  I  cannot  say  how  long  it  lasted.  I 
saw  it  occasionally  for  two  hours.  We  first  noticed  it  between 
8  and  9  p.  m. — See,  for  observations  in  Australia,  page  1 58. 

3.  Edinburgh  Astronoiniad  ObservcUions,  VoL  xiii,  1860- 
1870. — A  very  large  and  thick  volume,  containing  besides  Astio* 
nomical  Observations  of  the  Royal  Observatory  of  Edinbu^h, 
with  the  Transit  a^d  Mural  Circle,  and  Star  Catalogues  made  donng 
each  of  the  years  of  the  decade  1800  to  1870,  occupying  761  pagei; 
also  Meteorological  tables  for  Scotland  and  Scottish  towns,  a^ 
counts  of  storms,  and  a  long  memoir  on  the  Great  Pyramid  in 
Egypt,  giving  measurements  of  all  the  Pyranuds,  and  special 
detailed  measurements  of  the  great  Pyramid  of  Jeezeh.  The 
volume  closes  with  the  several  annual  Reports  to  the  Board  of 
Visitors,  and  a  paper  on  Auroral  and  other  Faint-Light  Spectros- 
copy in  1871.  It  is  illustrated  by  56  plates,  37  of  which  relate  to 
the  Pyramids,  and  two  to  Faint-Light  Spectroscopy. 

4.  Aatroyiomical  and  Meteorological  Observations  made  at  the 
U.  S.  N'aval  Obsen^atory  during  the  year  1869,  Commodore 
B.  F.  Sands,  L^.  S.  N.,  Superintendent.  Published  by  authority 
of  the  Hon.  Secretary  of  the  Navy,  xliv  and  396  pages  4to,  with 
an  Appendix  of  132,  xv  and  332  pages.  Washington.  1872.— 
Nearly  400  passes  of  this  Report  are  devoted  to  the  results  of  the 
observations  of  1869.  .Appendix  J.  contains  the  Reports  on  the 
Solar  Eclipse  of  the  year,  by  Prof.  Newcomb,  U.  o.  N.,  Prof 
Asaph  liall,  U.  S.  N.,  Prof.  ^Vm.  Harkness,  TJ.  S.  N.,  and  Pro£ 
J.  li.  Eastman,  U.  S.  N.,  illustrated  by  several  cuts  and  two 
plates.  Appendix  II,  running  to  332  pages,  is  devoted  to  tables 
pertaining  to  the  catalogue  of  stars  in  progress  in  the  observatories 
with  the  mural  circle.  The  volume  is  a  record  of  a  great  amount 
of  excellent  work. 

V.   Miscellaneous  Scientific  Intelligence. 

1.  Height  of  Mt,  Rainier  and  Mt,  Baker, — Officers  of  the 
Coast  Survey,  Prof.  Davidson  and  Mr.  Lawson,  have  determined 
the  height  of  Mt.  Rainier  to  be  14,444  feet,  or  4  feet  greater  than 
that  of  Mt.  Shasta.  It  is  situated  in  latitude  46°  51'  09"  and  lon- 
gitude 121®  46'  28".  Pro£  Davidson  says  that  there  are  glaciers 
on  Mt.  Rainier.  Mt.  Baker  had  previously  heen  found  to  be 
10,700  feet  high. — Proc.  Cat.  Acad.  ScL^  iv,  1871,  157. 

2.  Glaciers  on  the  Mountaiits  of  the  Pacific  Coast, — Prof 
Davidson  observes,  wdth  respect  to  the  first  notice  of  glaciers  on 
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Pacific  slope  of  N.  America,  that  Lieutenant  (now  General) 

V.  Eautz,  TJ.  S.  A.,  attempted  to  ascend  Mt.  Rainier  in* 

or  1867,  but  found  his  way  barred  by  great  glaciers ;  and 

Mr.  Coleman,  of  the  Alpine  Club,  ascended  Mt.  Baker  in 

,  and  published  that  year  a  description  of  the  glaciers,  in 

>er'8  Magazine  with  illustrations. — Proc.  Cal,  Acad,  JScL,  iv, 

1871. 

Academy  of  Natural  Sciences  of  Philadelphia, — With  Jaii- 
of  1871,  this  academy  commenced  the  third  series  of  the 
teedings,  illustrated.  Part  III.  of  1871  has  thirteen  excellent 
»,  part  of  them  colored-  One  of  them  contains  colored  fig- 
of  two  snakes,  NotJwpsis  rugostis  Cope,  and  Bothrops  atrox  ; 
the  rest  represent  various  species  of  fishes.  The  charge  per 
for  the  illustrated  Proceedings  is  $5.00  to  members,  and  $6.25 
lie  public.  The  2d  series  of  the  Proceedings,  consisting  of  1 4 
mes,  commenced  in  1857,  and  is  sold  for  $42  to  members,  and 
>  per  volume  to  the  public.  The  first  series  of  8  volumes 
begun  in  1841 ;  price  $24  to  members,  and  $30  to  the  public. 
16  iirst  series  of  the  Journal  of  the  Academy  consists  of  eight 
vo  volumes.  The  new  series,  in  quarto,  was  commenced  in 
,  and  seven  volumes  have  been  published.  The  price  per 
me  is  $10. 

Memorie  deUa  Societd  dei  Spettroscopisti  Italiani ;  edited  by 
1  P.  Tacchini. — At  the  close  of  last  year  there  were  no  less 
five  spectroscopes  in  Italy  in  the  hands  of  assiduous  and 
ful  observers ;  two  at  Rome  used  by  Secchi  and  Respighi ; 
at  Padua  by  Lorenzoni ;  one  at  Naples  under  the  care  of  Dr. 
laris,  and  one  at  Palermo  by  TacchinL  At  least  one  more 
lince  been  added,  that  is  at  Florence,  by  Donati 
D  Italian  Society  has  been  formed  for  the  prosecution  of 
troscopic  observations  and  their  publication,  ana  four  numbers 
leir  Memoirs^  corresponding  to  the  first  four  months  of  1872, 
I  been  received.  Tney  are  published,  with  extended  illus- 
ons,  at  Palermo,  under  the  supervision  of  Prof.  Tacchini. 
following  is  a  list  of  the  articles  of  the  four  numbera  received : 
inuary.  1.  New  Society  of  Italian  Spectroscopists ;  account 
^.  TacchinL  2.  Spectroscopic  observations  upon  the  solar 
; ;  by  G.  Lorenzoni.  3.  Tables  for  converting  the  angle  of 
ion  of  a  point  on  the  sun's  limit  into  corresponding  helio- 
hic  polar  distances;  by  G.  Lorenzoni  4.  New  Micrometer 
he  protuberances ;  by  A.  Secchi.  (Two  plates.) 
^bruary.  Solar  protuberances  simultaneously  observed  at 
rmo,  Rome,  and  Padua  in  July  and  August,  1871 ;  reported 
\  TacchinL     (Two  plates.) 

arch.  1.  Observations  on  the  solar  protuberances  and  their 
ibution;  by  A.  SecchL  2.  Spectroscopic  pictures  of  sun's 
,  made  at  Palermo,  Rome,  and  Padua,  on  the  11th  and  12th  of 
?mber,  1871,  by  Tacchini,  Secchi,  and  LorenzonL  (One  plate). 
pril.  1.  On  tlie  deviation  of  the  lines  of  the  spectrum  due  to 
ge  of  temperature  of  the  prism ;  by  P.  Blaserna.  2.  Spectro- 
ic  pictures  of  the  sun's  limb,  made  at  Palermo  and  Rome  in 
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August  and  Noyember,  1871;  by  P.  TftcchinL  8.  SpeuUmuufh 
observations  of  solar  spots  made  at  Florence;  a  letter  bom  Pnt 
Doiiati  to  P.  Tacchini.     (One  plate.) 

5.  Monthhf  Record  of  HesmU  of  OhtervoHonB  in  Jfeieorclofjff 
Terrtatrial  Magnetism^  etc  Taken  at  the  Melboorae  Obeervatoty, 
during  January,  1872 ;  together  with  abstraeta  firom  meteord(» 
cal  observations  obtained  at  various  localities  in  YictoiiiL  UiMnr 
the  superintendence  of  R  L.  J.  Ellery,  Goremnient  AatronooMt 
14  pp.  8vo.  Published  by  authority  of  her  Majesty's  gorem* 
ment  in  Victoria. — Besides  various  meteorologiMl  tables^  Mi 
Report  contains  the  following  on  the 

Awrora  of  February ^  1872. — An  Aurora  AuatraUa  was  Tisibk 
shortly  after  midnight  on  the  6th  until  the  early  morning,  ooinoideDt 
with  which  great  magnetic  disturbances  took  place,  puticQlariy  rf 
the  horizontal  force,  and  to  a  less  extent  the  declination.  TbeT  oo» 
menced  at  midnight.  The  maximum  disturbance  oooarred  UKirilT 
before  3  a.  m.,  when  the  minimum  easterly  declination  was  readbe^ 
and  continued  until  6.16  a.  m.,  when  the  marimnm  d<*clinatini 
occurred,  the  extreme  range  amounting  to  1^  18'  of  azo|  the  dis- 
turbances then  became  less  violent,  and  by  noon  oonauted  of  % 
succession  of  slow  regular  oscillations,  gradually  getting  smalkr 
until  toward  midnight  of  the  6th,  they  ceased.  Tlie  eztrems 
range  in  the  horizontal  force  occurred  between  1^  and  8^  a.  x., 
amounting  to  0*2940  of  the  absolute  British  unit,  the  maximum 
occurring  at  1^  a.  h.,  and  the  minimum  at  3^  p.  h.  The  motion 
of  the  needle  was  at  times  exceedingly  rapid,  moving  once  within 
a  few  minutes  through  0*1737  of  the  absolute  unit. 

6.  HayderCs  Eai^oring  and  Stirveying  JEocpediUon. — ^This  ex- 
pedition, sent  out  under  the  authority  of  the  Secretary  of  the 
Interior,  is  aeain  in  the  Rocky  Mountams,  continuing  its  surveys. 
Pro£  F.  H.  Bradley  has  joined  the  expedition  as  geologist.  Con- 
gress made  an  appropriation  at  its  last  session  or  $76,000  for  the 
expenses  of  the  current  year. 

Professor  Bradley  says  in  his  letter  cited  from  on  page  188, 
dated  July  7th:  '^  Delay  has  been  rather  tedious,  even  in  the 
midst  of  work;  but  the  rivers  have  been  so  full  that  we  could 
not  profitably  have  ffone  into  the  higher  mountains  earlier,  if 
we  had  been  ready.  Dr.  liayden,  with  his  division  of  the  party, 
is  at  Fort  Ellis,  nearly  ready  to  start  in.  We  expect  to  meet 
him  in  the  Firehole  Basin,  in  the  latter  part  of  August'* 

7.  Memoirs  of  the  Peabody  Academy  of  Sciences.  VoL  i,  Na 
iii — Embryological  Studies  on  Mexapodous  Insects;  by  Auphkcs 
S.  Packard,  Jr.  18  pp.,  with  three  beautiful  plates. — The  species, 
the  development  of  which  Mr.  Packard  here  describes,  are  Nematut 
ventricosusj  Pulex  canis,  AUetabus  Rhois^  Telephorus  Fraxinlt 
Chrysomda  polygoniy  Mysia  IS-punclata  and  Chrysopa  oculaUk 

8.  Petroleum  in  San  Domingo. — Mr.  A.  P.  Mabvine  writes  to 
one  of  the  editor8,  in  a  letter  dated  Houghton,  Michigan,  June  16, 
as  follows:  ^^ Apropos  to  Mr.  GabVs  article  *0n  the  occurrence  of 
Petroleum  in  the  Island  of  Santo  Domingo,'  in  the  June  numher 
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lUis  Journal,  I  would  like  to  call  your  atteution  to  some  very 
lilar  remarks  on  the  same  subject  in  the  ^  Report  of  the  Com- 
fssion  of  Inquiry  to  Santo  Domingo'  (pp.  109-110),  which  was 
ued  by  Government  about  a  year  ago. 

'*  When  at  the  spot  in  question  I  gathered  about  a  quart  of  the 
from  one  of  the  pits,  and  a  small  bottle  of  the  gas  which  bub- 
58  from  the  well,  and  still  have  them  well  sealed." 
9.  American  Association, — ^The  next  meeting  of  the  Associa* 
in  will  be  held  at  Dubuque,  Iowa,  instead  of  San  Francisco, 
tnmencing  August  2l8t.  Dr.  J.  Lawrence  Smith  is  president 
r  the  year. 

OBTTUART. 

Dr.  William  Stimpson. — ^The  news  of  the  death  of  Dr.  William 
impson,  late  Secretary  of  the  Academy  of  Sciences  of  Chicago, 
11  be  received  with  great  regret  by  his  numerous  friends  and 
ientific  associates.  Dr.  Stimpson's  health  has  been  quite  preca- 
ms  for  several  years  past,  making  it  necessary  for  him  to  pro- 
ed  every  winter  to  the  warmer  climate  of  Florida,  and  the  past 
nter  was  spent  by  him  in  the  same  region.  He  was  engagea  in 
e  earlier  part  of  the  season  on  board  the  United  States  Coast 
rvey  steamer  JJache,  in  supenntending  a  series  of  dredgings 
tween  Cape  San  Antonio,  Cuba,  and  the  coast  of  Yucatan ;  and 
ence  proceeding  to  Key  West,  he  attempted  to  prosecute  some 
ep-sea  work  in  the  waters  between  Florida  ana  Cuba.  This, 
wever,  was  prevented  by  increasing  ill  health.  Returning 
t  long  since  to  the  residence  of  his  father-in-law,  near  Baltimore, 
became  gradually  worse,  and  died  there  on  the  26th  of  May. 
This  is  not  the  occasion  for  presenting  a  full  account  of  Dr. 
impson^s  life ;  but  of  his  merits  as  a  naturalist  it  is  proper  to  say 
at  be  occupied  the  very  first  rank  among  Amencan  zoologists, 
pecially  in  the  department  of  marine  invertebrates.  For  a  time 
pupil  of  Professor  Agassiz  at  Cambridge,  he  made  his  first  mark 
a  scientific  author  in  1861,  in  a  work  on  the  shells  of  New 
igland,  which  was  soon  followed  by  a  paper  upon  the  marine 
vertebrates  of  Grand  Manan,  published  oy  tne  Smithsonian 
stitution  in  1653,  and  which  is  still  a  standard  work  on  the  zoOl- 
ry  of  the  mouth  of  the  Bay  of  Fundy. 

shortly  afterward  he  was  appointed  zodlogist  to  the  North 
icific  exploring  expedition,  first  under  Captain  Cadwallader 
inggold,  and  subsequently  under  Captain  John  Rodgers.  He 
3U9  occupied  in  this  service  several  years,  and  then  returned  and 
ent  a  number  of  years  at  Washington  in  the  quiet  prosecution 
his  investigations  and  the  publication  of  their  results. 
When  the  tite  Mr.  Robert  Kennicott  went  to  Alaska,  in  1 865,  in 
e  service  of  the  Russian  telegraph  expedition,  Dr.  Stimpson  moved 
Chicago  to  take  charge  of  the  general  affairs  of  the  Chicago 
;ademy  of  Sciences,  and  maintained  that  connection  until  his 
ath.  During  that  interval  he  visited  Florida  on  several  occa- 
ms,  and  always  obtained  numerous  interesting  collections  for 
e  Academy. 
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As  a  scientific  investigator  Dr.  Stimpson  occnpied  a  very  Ugh 
rank  for  the  thoroughness  of  his  researches,  and  tne  clearness  and 
accuracy  of  Ids  descriptions,  in  these  respects  leavtiuf  nothing  to 
be  desired.  No  one,  with  the  exception,  perhaps,  oT  Profl  Dani, 
has  described  so  many  new  species  of  marine  anumds  as  he. 

The  detailed  accounts  of  his  new  species,  forming  a  large  num- 
ber of  valuable  Eo5logical  monographs,  with  ku^  nuniben  of 
illustrations,  and  nearlv  ready  for  publication,  were  unfortnnatelj 
all  destroyed  by  the  Chicago  fire,  together  with  most  of  the  types 
of  tliis  species — a  calamity  which  of  course  affected  him  severely, 
and  in  all  probability  influenced  the  state  of  his  health.  Among 
these  works  were  synopses  of  the  MoUusca  of  the  east  coast  ra 
North  America,  and  of  the  Crustacea  of  both  coasts,  to  be  pub- 
lished by  the  Smithsonian  Institution. — X.,  in  Harpei^*  Week^f. 

The  meeting  of  the  Chicago  Academy  of  June  11th  was  devoted 
to  addresses  m  memory  of  Dr.  Stimpson  by  the  Pjnesident  and 
other  members.  We  cite  the  foUowmg  paragraph  from  the  re- 
marks of  Mr.  K  W.  Blatchford : 

*^  I  am  reminded,  Mr.  President,  that  this  is  the  second  time  in 
the  brief  history  of  our  Academy  that  we  have  been  called  upon 
to  mourn  the  loss  of  a  secretary.  They  were  both  men  of  martced 
characters,  of  marked  differences.  In  the  scientific  world  they 
were  typical  men — the  one  of  our  young  West,  the  other  of  the 
maturer  East — ^the  one  of  the  undeveloped  fields  afforded  by  our 
lakes,  with  the  territory  adjacent,  and  stretching  west  and  north 
to  the  Pacific  and  Arctic  coasts :  the  other  of  the  more  thoroughly 
investigated  Atlantic  slope,  and  foreign  field  of  scientific  research. 
Differing,  however,  in  early  opportunities  and  training,  in  subse- 
quent associations,  and  in  the  fields  of  their  investigations,  Kenni- 
cott  and  Stimpson  were  yet  one ;  one  in  high  aims,  one  in  enthu- 
siastic devotion,  one  in  self-forgetfulness,  one  in  persevering  and 
successful  labor.  And  in  the  faithful  performance  of  duty  was 
each  called  away.  To  the  one  the  summons  came  in  the  Arctic 
regions,  upon  the  banks  of  the  Youkan :  to  the  other  in  the  tropics, 
upon  the  oanks  of  that  wider,  deejper  stream,  the  study  of  whose 
mysteries  had  lured  him  on  in  spite  of  pain  and  weakness.  Al- 
ready are  the  foundations  laid  and  the  walls  rising  of  our  new 
Academy ;  but  the  tuture  growth  of  our  collections,  and  increas- 
ing infiuence,  will  ever  be  associated  in  our  minds  with  our  obli- 
fations  to  these  men,  whose  lives  have  been  consecrated  to  laying 
ere  the  foundations  of  scientific  trutL" 

Mr.  Robert  Swipt,  of  Philadelphia,  died  on  the  5th  of  May,  in 
the  seventy-seventh  year  of  his  age.  Mr.  Swift  from  1852  labored 
much  in  West  Indian  Conchology,  and  in  1 863  published  his  "  Re- 
searches of  the  Virgin  Islands."  He  also  contriouted,  through  col- 
lections made  at  his  expense  on  St.  Thomas  and  Porto  Rico,  to  the 
ornithological  collections  of  the  Smithsonian  Institution,  on  which 
a  report  was  made  by  Dr.  Bryant  of  Boston. 

George  Robert  Gray,  an  eminent  British  ornithologist,  and 
Assistant  Keeper  of  Zoology  in  the  British  Museum,  died  on  the 
6th  of  May  last.     He  was  bom  in  July,  1808. 
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-Art.  XXm. — Researches  in  Actino- Chemistry.     Memoir  First 
On  the  Distribution  of  Heat  in  the  Spectrum ;  by  John  Wil- 
liam Draper,  M.D.,  LL.D.,  President  of  the  Faculties  of 
Science  and  of  Medicine  in  the  University  of  New  York. 

Many  experimenters  at  various  times  Jiave  occupied  them- 
selves with  the  problem  of  the  Distribution  of  Heat  in  the 
Spectrum.  At  first  it  was  supposed  that  there  is  a  coinci- 
dence between  the  luminous  ana  calorific  radiations,  and  that 
the  maximum  of  intensity  in  both  occurs  at  the  same  point, 
that  is,  in  the  yellow  space.  This  view  was  abandoned  on  the 
publication  of  the  well  known  experiments  of  Sir  W.  Herschel,^ 
who  showed  that  in  certain  cases  tne  maximum  is  below  the  ired* 
Subsequently  Melloni  having  discovered  the  singular  heat- 
transparency  of  rock-salt,  proved  that  when  a  prism  of  that 
substance  is  used  the  maximum  in  question  is  as  far  below  the 
red  as  the  red  is  below  the  yellow,  but  that  if  the  light  has 
passed  through  flint-glass  the  maximum  approaches  the  red,  if 
through  crown-glass  it  passes  into  the  red,  if  through  water  or 
alcohol  it  enters  the  yellow. 

In  the  case  of  the  sun's  spectrum  the  distribution  of  heat  was 
more  closely  examined  by  rro£  MtQler,  whose  results  in  a  gen- 
eral manner  confirmed  the  views  then  held,  that  the  invisible 
radiation  below  the  red  greatly  exceeds  that  in  the  visible  spec- 
trum ;  and  still  more  recently  Dr.  Tyndall,  examining  the  spec- 
trum of  the  electric  light  through  rock-salt,  showSi  that  the 
curve  indicating  the  distribution  "  in  the  region  of  the  dark 
rays  beneath  the  red,  shoots  suddenly  upward  in  a  steep  and 
massive  peak,   a  kind  of  Matterhom  of  heat,   which  quite 
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dwarfs  by  its  magnitude  the  portion  of  the  diagram  represent- 
ing the  visible  radiation."  These  investigations  were  made 
under  unexceptionable  circumstances;  the  beam  of  electric 
light  had  practically  undeigone  no  atmospheric  absorption, 
and  the  optical  refracting  train  was  of  rock-salt 

Sir  J.  Herschel  had  shown  in  1840  that  when  the  sun's  rays 
are  dispersed  by  a  flint-glass  prism,  the  distribution  of  the  he«t 
toward  the  less  refrangible  region  is  not  continuous,  but  there 
are  three  maximum  points.  These  points,  as  shown  by  Dr. 
Tyndall,  do  not  exist  in  the  spectrum  of  electric  light,  the 
decline  of  which  is  continuous ;  they  are  therefore  to  be  attrib- 
uted to  the  absorptive  disturbance  which  the  sun's  rays  hare 
undergone  Quite  recently  (1871),  M.  Lamansky  has  succeeded 
in  identifying  these  interruptions  by  the  aid  of  the  thermo-mul- 
tiplier.  In  his  memoir  he  states  tnat,  with  the  exception  of 
Foucault  and  Fizeau,  in  their  well  known  experiments  on  the 
interference  of  heat,  no  one  has  made  reference  to  these  lines, 
and  that  all  experimenters  describe  the  heat-curve  as  a  contin- 
uous one  (London  and  Edin.  PhiL  Mag.,  April,  1872). 

I  may  therefore  be  excused  for  remarking  at  this  point  that 
the  three  lines  in  question  were  not  only  observed  by  me  nearly 
thirty  years  ago,  but  that  an  engraving  of  them  was  published 
in  the  rhilosophical  Magazine,  in  a  memoir  announcing  the  dis- 
covery of  fixed  lines  in  the  invisible  portions  of  the  spectrum 
(May,  1848).  It  will  be  seen,  from  an  inspection  of  that  engniT- 
ing,  that  these  lines  are  marked  a^  /3y  y.  They  were  impressed 
on  daguerreotype  plates,  by  resorting  to  the  well  known  pro- 
cesses for  obtaining  photographs  of  the  less  refrangible  r^ons 
of  the  spectrum. 

In  view  of  the  preceding  statement  and  others  that  might  be 
given,  it  may,  I  think,  be  affirmed  that  the  general  opinion  held 
at  the  present  day  as  to  the  constitution  of  the  spectrum  is  this^ 
that  there  exists  a  heat  spectrum  in  the  less  refrangible  regions, 
a  light  spectrum  in  the  intermediate,  and  a  spectrum  producing 
chemical  action  in  the  more  refi^ngible  regions.  An  experi- 
mental attempt  to  correct  this  view,  and  to  introduce  a  more 
accurate  interpretation,  will  not  be  without  interest,  especially 
as  it  is  necessarily  and  directly  connected  with  the  important 
subject  of  photometry.  In  this  memoir  I  shall  offer  some 
experiments  and  suggestions  respecting  the  heat  of  the  spec- 
trum, and  in  another,  shortly  to  be  published,  shall  consider  the 
distribution  of  the  so-called  chemical  rays.  Among  the  numer- 
ous problems  of  actino-chemistry  there  are  none  more  impor- 
tant than  thesa 

All  the  experiments  hitherto  made  on  the  heat  of  the  si)ec- 
trum  have  been  conducted  on  the  principle  of  exposing  a  tner- 
mometer  in  the  differently  colored  spaces.     Such  was  Sir  W. 
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Herschel's  method.  Leslie  used  a  differential  with  small  bulbs. 
Melloni,  Mliller,  Tyndall,  a  thermo-electric  pile,  the  form  pre- 
ferred being  the  linear.  This  was  advanced  successively 
tiiTOUgh  all  the  radiations,  and  the  deflections  of  the  multiplier 
noted. 

Is  not  this  method  essentiallv  defective  ?  Does  it  not  neces- 
sarily lead  to  incorrect  results  r 

"  There  is  an  inherent  defect  in  the  prismatic  spectrum— a 
defect  originating  in  the  very  cause  which  gives  rise  to  that 
qpectrum  itself — unequal  refrangibility.  Of  two  groups  of 
rays  compared  together,  one  taken  in  tne  red,  the  other  in  the 
yiolet  region,  it  is  clear  that  in  the  same  spectrum,  from  the 
very  circumstance  of  their  greater  refrangibility,  those  in  the 
violet  will  be  relatively  more  separated  from  each  other  than 
those  in  the  red.  The  result  of  this  increased  separation  in  the 
more  refrangible  regions  is  to  give  an  apparent  dilatation  to  them, 
while  the  less  refrangible  are  concentrated.  The  relative  posi- 
tion pf  the  colors  must  also  vary :  the  fixed  lines  must  be  placed 
at  distances  greater  than  their  true  distances  as  the  violet  end 
is  approachea."  T  am  quoting  from  the  5th  chapter  of  a  work 
*'On  the  Forees  which  produce  the  Organissation  of  Plants," 
published  by  me  in  1844.  In  this  chapter  one  of  the  chief 
points  insisted  on  is  the  necessi^  of  using  wave-lengths  in  the 
measurement  and  discussion  of  spectrum  results,  a  suggestion 
which  I  believe  I  was  the  first  to  make,  and  which  I  renewed 
in  a  memoir  in  the  Philosophical  Magazine  (June,  1846). 

The  importance  of  these  remarks  respecting  the  peculiarities 
of  the  prismatic  or  disperaion  spectrum,  may  perhaps  be  most 
satisfactorily  recognized  on  examining  such  a  spectrum  by  the 
side  of  a  diffraction  or  interference  one.  By  the  aid  of  fig,  1 
this  may  be  done. 

PlO.    1. 
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Regarding  the  space  between  the  fixed  lines  D  and  E  as  rep- 
resenting the  centm  region,  in  each  the  fixed  lines  D  and  E  are 
made  coincident  The  other  lines  are  laid  off  in  the  prismatic 
as  they  appear  through  the  flint-glass  prism  of  the  spectro- 
scope ;  those  of  the  du&action  are  arranged  according  to  their 
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wave-lengths.  It  thus  appears  that  in  the  prismatic,  from  the 
fixed  line  D  to  A,  the  yellow,  orange,  and  red  r^ons  occupy 
but  little  more  than  half  the  space  they  do  in  the  diffraction; 
while  the  green,  blue,  indigo,  and  violet,  from  the  fixed  line  £ 
to  H,  occupj  nearly  double  the  space  in  the  prismatic  that  they 
do  in  the  aiffraction  spectrum.  The  general  result  is  diat  in 
the  prismatic  the  less  refrangible  regions  are  much  compassed, 
and  the  more  refrangible  much  dilated.  And  it  is  plain  that 
the  same  will  hold  good  in  a  still  greater  degree  for  any  invia- 
ble  rays  that  are  below  the  red  and  above  the  violet  respect- 
ively. 

!Now  if  a  thermometer  of  any  kind  were  carried  in  succes- 
sion from  the  greatly  dilated,  more  refrangible  regions  to  the 
greatly  condensed,  less  refi:ungible,  could  the  measures  obtained 
be  accepted  as  expressing  the  true  distribu);ion  ?  The  thermo- 
metric  surface  being  invariable,  would  it  not  receive  in  the  less 
refrangible  spaces  more  than  its  proper  amount  of  heat,  and  in 
the  more  refrangible  less  than  its  proper  amount? 

If  we  should  admit  that  the  distribution  of  heat  in  a  cor- 
rectly formed  spectrum  is  uniform,  it  is  plain  that  measures 
made  by  the  use  of  a  prism  would  not  substantiate  that  admis- 
sion. The  concentration  to  which  I  have  alluded  as  taking 
place  in  the  less  refrangible  region  would  give  an  exaggerated, 
an  increased  heat  for  that  region;  and  on  the  contrary,  tne  dila- 
tation of  the  more  refrangible  would  give  an  exaggerated  dimi- 
nution of  heat  for  that  space.  But  if  it. were  possible  to  make 
satisfactory  heat  measures  on  the  dilfiraction  spectrum,  in  which 
the  colored  spaces  and  fixed  lines  are  arranged  according  to 
their  wave-lengths,  the  admission  would  be  substantiated. 

In  view  of  these  facts  I  did  attempt  many  years  ago  to  make 
heat  measures  on  the  diflraction  spectrum.  But  so  small  is  the 
heat  that,  as  may  be  seen  in  the  Philosophical  Magazine  (March, 
1857),  the  results  were  unsatisfactory.  More  recently  I  have 
tried  another  method  of  investigation,  on  principles  which  I 
will  now  explain. 

For  the  sake  of  clearness,  restricting  our  thoughts  for  the 
moment  to  the  more  familiar  case  of  the  visible  spectrum,  if  we 
desired  to  ascertain  the  true  distribution  of  heat,  would  not  the 
proper  method  be  to  collect  all  the  more  refrangible  rays  into 
one  focal  group,  and  all  the  less  refrangible  into  another  focal 
group,  ana  then  measure  the  heat  that  each  gave  ?  If  the  view 
currently  received  be  correct,  would  not  nearly  all  the  heat 
observed  be  found  in  the  latter  of  these  foci,  and  little,  if 
indeed  any,  be  found  in  the  former?  But  if  all  the  various 
regions  of  the  spectrum  possess  equal  heat-giving  powers,  would 
not  the  heat  in  each  of  tuese  foci  be  the  same? 

Let  us  give  greater  precision  to  this  idea.     Using  Angstrom's 
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wave-lengths — ^the  length  at  the  line  A  is  7604,  and  that  at  H* 
3933,  and  these  lines  are  not  very  far  from  the  less  and  more 
refrangible  ends  of  the  visibk  spectrum  respectively.  The  mid- 
dle pomt  of  this  spectrum  is  at  5768,  which  may  therefore  be 
called  its  optical  center.  This  is  a  little  beyond  the  sodium 
line  D,  which  is  5892.  Now  if  bv  suitable  means  we  reunite 
all  the  rays  between  7604  and  57o8  into  one  focus,  and  all  the 
rays  between  5768  and  3988  into  another  focus,  are  we  not  in  a 
position  to  determine  the  true  distribution  of  the  heat  ?  Should 
the  heat  at  these  two  foci  be  sensibly  the  same,  must  not  the 
conclusion  at  present  held  be  abandoned  ? 

If  in  these  investigations  the  rays  of  the  sun  be  used,  it  is 
necessary  to  restrict  the  examination  to  the  visible  spectrum, 
excluding  the  invisible  red  and  invisible  violet  radiationa  On 
these  the  earth's  atmosphere  exerts  not  only  a  very  powerful 
but  a  very  variable  action,  and  what  is  still  more,  an  action  the 
result  of  which  we  cannot  see,  so  that  we  are  literally  working 
in  the  dark.  There  are  days  on  which,  owing  to  the  excessive 
absorption  taking  place  among  the  ultra-red  ra^s,  a  rock-salt 
train  has  no  advantage  over  one  of  glass.  But  if  it  be  the  visi- 
ble spectrum  alone  that  we  are  using,  and  the  prisms  are  of  a 
material  colorless  to  the  eye,  we  may  be  certain  that  they  are 
exerting  no  elective  absorption  on  any  of  the  radiations  of  that 
spectrum,  and  that  the  inaications  they  are  giving  are  reliable. 

This  variable  absorptive  action  of  the  atmosphere  depends 
partly  on  changes  in  tne  amount  of  water  vapor,  and  partly  on 
the  altitude  of  the  sun.  At  midday  and  at  midsummer  it  is  at 
a  minimum.  The  disturbance  is  not  merely  a  thennochrose, 
for  both  ends  of  the  spectrum  are  attacked.  It  is  a  matter  of 
common  observation  that  the  horizontal  sun  has  but  little  pho- 
tographic power,  owing  to  atmospheric  absorption  of  the  ultra- 
violet rays,  and  under  the  same  circumstances  his  heating 
power  is  diminished,  owing  to  the  absorption  of  the  ultra-red 
rays.  But  if  the  day  be  clear  and  the  sun's  altitude  sufficient, 
the  visible  spectrum  may  be  considered  as  unaflfected. 

It  should  be  borne  in  mind  that  the  envelopes  of  the  sun 
himself  exert  an  absorptive  action,  which  is  powerfully  felt  in 
the  ultra-violet  region,  as  is  indicated  by  the  numerous  fixed 
lines  crowded  together  in  that  region.  The  force  of  this  remark 
will  be  appreciated  on  examining  the  plate  above  referred  to, 
in  the  Philosophical  Magazine  for  May,  1843. 

It  seems  then  that  all  the  conditions  necessary  for  the  solu- 
tion of  this  problem  will  be  closely  approached  if  we  make  use 
of  prisms  constituted  of  any  substance  which  is  completely  color- 
less to  the  eye,  and  confine  our  measures  to  the  visible  spectrum, 
collecting  all  the  radiations  between  the  fixed  line  a  and  the 
center  of  that  spectrum  just  beyond  D  into  one  focus,  and  all 
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the  radiations  between  that  center  and  H'  into  another  focus, 
and  by  the  thermopile  or  any  other  suitable  means  measuring 
the  lieat  of  these  foci. 

Such  is  the  method  I  have  followed  in  obtaining  the  meas- 
ures now  to  be  presented :  but  before  giving  them  tnere  are  cer- 
tain preparatory  facts  which  I  wish  to  submit  to  the  considera- 
tion of  the  reader, 

(1.^  In  the  mode  of  experiment  hitherto  adopted,  no  special 
care  lias  been  taken  to  ascertain  with  accuracy  the  position  of 
the  "extreme  red,"  yet  that  is  held  to  be  the  point  £rom  which 
on  one  side  we  are  to  estimate  the  invisible  and  on  the  other 
the  visible  spectrum.  DiflTerent  persons,  perhaps  because  of  a 
different  sensitiveness  of  their  eyes,  will  estimate  that  position 
differently.  Tlie  red  light  shades  off  gradually — ^it  is  almost 
impossible  to  tell  when  it  really  comes  to  an  end.  A  linear 
thermopile,  such  as  is  commonly  used,  is  liable  under  these  cir- 
cumstances to  give  deceptive  results,  and  any  error  in  its  indi- 
cations counts  in  a  double  manner.  It  not  only  diminishes  the 
value  of  one  spectrum,  but  it  adds  that  diminution  to  the  value 
of  the  other.  The  force  of  this  remark  will  be  understood  by 
considering  the  best  experiments  hitherto  made  on  this  subject, 
those  of  Dr.  Tyndall,  as  related  in  his  "Heat  a  Mode  of 
Motion  "  (London  edition,  1870,  p.  420,  &c).  In  the  case  of 
the  electric  light,  the  result  yielded  by  those  experiments  was 
that  the  heat  in  the  invisible  is  eight  times  that  of  the  visible 
region.  But  had  there  been  an  error  in  estimating  the  posi- 
tion of  the  extreme  red  by  only  two  millimetres,  so  much  would 
have  been  taken  from  the  invisible  and  added  to  the  visible, 
that  they  would  have  been  brought  to  equality,  and  then  the 
slightest  turn  of  the  screw  that  carried  the  pile  toward  the  dark 
space  would  have  given  a  preponderance  to  the  visible.  It  is 
obvious,  therefore,  that  there  cannot  be  certainty  in  such  meas- 
ures, unless  the  fixed  lines  are  resorted  to  as  standard  points. 

(2.)  A  ray  which  has  passed  through  a  solution  of  sulphate 
of  copper  and  ammonia  possesses  no  insignificant  heating  power. 
I  took  a  stratum  of  a  solution  of  that  salt,  of  such  strength  that 
it  only  permitted  waves  to  pass  which  are  of  less  length  than 
4860.  Seen  in  the  spectroscope,  the  colors  transmitted  through 
it  commenced  with  a  thin  green  fringe,  followed  by  blue,  indigo, 
violet.  It  therefore  gave  rays  in  which,  according  to  the 
accepted  views,  little  or  no  heat  should  be  detectecL  Yet  I 
found  that  such  rays  produced  one-ninth  of  the  heat  of  the  solar 
beam.  Does  not  this  indisputably  show  that  the  more  refran- 
gible rays  have  a  higher  calorific  ix)wer  than  is  commonly 
imputed  to  tlieni  ? 

(3.)  Again,  by  the  use  of  the  apparatus  presently  to  be 
described,  I  found  no  difficulty  in  recognizing  heat  in  the  violet 
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region.  But  in  the  mode  of  conducting  the  experiment  hereto- 
fore resorted  to,  it  could  not  be  detected  in  rays  more  refran- 
gible than  the  blua  It  was  this  result  which  gave  so  much 
weight  to  the  conclusion,  that  in  the  more  refrangible  regions 
the  calorific  power  is  replaced  by  chemical  force,  and  strength- 
ened the  idea  commonly  entertained  that  the  solar  radiations 
consist  of  three  distinct  principles,  heat,  light  and  actinism. 
In  the  memoir  above  reierred  to,  as  soon  to  be  published,  I 
shall  present  some  facts  which  apparently  make  this  view  inde- 
fensibla 

(4.)  If  waves  of  light  falling  upon  an  absolutely  black  sur- 
Face,  and  becoming  extinct  thereby,  are  transmuted  into  heat,  if 
the  warming  of  surfaces  by  incident  light  be  nothing  more  than 
the  conversion  of  motion  into  heat — an  illustration  of  the  modem 
doctrine  of  the  correlation  of  forces — heat  itself  being  only  "  a 
mode  of  motion,"  it  would  seem  extraordinary  that  tne  conver- 
sion should  cease  in  the  green  or  blue  or  in  any  middle  ray.  On 
the  contrary,  calorific  effects  ought  to  be  traceable  throughout  the 
entire  length  of  the  spectrum.  These  views  on  the  transference 
of  motion  fix)m  the  ether  to  the  particles  of  ponderable  bodies 
and  conversely,  I  endeavored  to  explain  in  detail  in  a  memoir  on 
Phosphorescence,  inserted  in  the  Philosophical  Magazine,  Feb. 
1851,  p.  98,  etc.  I  had  previously  indicated  them  m  the  same 
Journal,  Feb.,  1847.  A  given  series  of  waves  of  red  light  im- 
pinging upon  an  extinguishing  surface  will  produce  a  aefinite 
amount  of  heat,  and  similar  series  of  violet  waves  should  pro- 
duce the  same  amount  For  though  an  undulation  of  the  latter 
may  have  only  half  the  length  of  one  of  the  former,  and  there- 
fore only  half  its  vis  vivct^  yet  in  consequence  of  the  ea  ual  veloc- 
ity of  waves  of  every  color,  the  impacts  or  impulses  of  the  violet 
series  will  be  twice  as  frequent  as  those  of  the  red.  The  same 
principle  applies  to  any  intermediate  color,  and  hence  it  follows 
that  every  color  ought  to  have  the  same  heating  power. 

Description  of  the  Apparatus  employed. 

The  optical  arrangement  I  have  employed  for  carrying  the 
forgoing  suggestions  into  practice  is  represented  by  fig.  2,  and 
in  a  horizontal  section  by  fig.  8. 

A  ray  of  sunlight  reflected  by  a  Silberman's  heliostat  comes 
into  a  dark  room  through  a  slit  a  one  millimeter  wide.  It  then 
passes  through  a  prism  b.  On  the  front  face  of  this  prism  is  a 
olack  paper  screen  c  c,  having  a  rectangular  opening,  just  suffi- 
cient to  permit  the  light  of  the  slit  to  pass.  After  refraction 
the  dispersed  rays  fall  as  a  spectrum  on  a  concave  metallic 
miiTor  d  d,  nine  inches  in  aperture  and  eleven  in  focus  for 
parallel  rays.  I  have  sometimes  used  one  of  speculum  metal, 
but  more  mquently  one  silvered  on  its  fix)nt  &ce.    In  fit)nt  of 
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tbie  mirror  there  are  therefore  three  foci.  At  a  distance  of  eleres 
inches  there  is  one,  e,  fig.  S,  giviiie  &  spectram  image  of  the  enu, 
Still  further  there  is  a  second,/  which  is  a  spectrum  image  of  the 
slit  a,  in  which,  if  the  prism  be  at  its  angle  of  minimum  devia- 
tion, and  the  other  adjustments  be  correctly  made,  will  be  seen 
the  Fraunhofer  lines.  Again,  still  farther  off,  at  g,  is  a  foal 
image  of  the  rectangular  opening  of  the  black  paper  c  c,  on  the 


front  face  of  the  prism.  This  ima^e,  arising  from  the  recombin- 
ation of  all  the  dispersed  rays,  is  consequently  white.  The 
second  and  third  foci  are  at  distances  from  the  mirror  depending 
on  the  distance  of  the  slit  a,  and  the  black  paper  c  c,  respect- 
ively. 

With  the  intention  of  being  certain  that  the  light  coming 
through  the  slit  a  is  falling  properly  on  the  rectangular  opening 
in  the  prism  screen  c  c,  a  small  looking-glass  is  placed  at  p.  The 
experimenter,  sitting  near  the  multiplier  m,  can  then  see  dis- 
tinctly the  reflected  image  of  that  opening. 

At  the  place  where  the  second  focal  image  with  its  Fraun- 
hofor  lines  forms,  two  screens  of  white  paste-board,  h,  i',  are 
arranged.  By  suitably  placing  the  former  of  these,  A,  the  more 
I'efrangible  rays  may  Itie  intercepted,  and  in  like  manner  by  the 
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other,  t,  the  less  refirangibla  In  using  these  screens,  and  par- 
ticularly A,  care  must  be  taken  that  no  rays  passing  from  the 
prism  to  the  mirror  be  obstructed,  a  remark  that  applies  especi- 
ally to  the  invisible  rays  of  less  refrangibility  than  the  red. 
For  this  reason  the  mirror  d  d  must  be  placed  at  such  an  obli- 
quity to  its  incident  rays  as  to  throw  the  focal  images  suffici- 
ently on  one  sida  Yet  this  obliquity  must  not  be  greater  than 
is  actually  necessary  for  that  purpose,  or  the  purity  of  the  sec- 
ond spectrum,  with  its  Fraunhofer  lines,  will  be  interfered  witL 

Fio.  3. 


.*-  -«»' 


.'•:>-* 


At  the  place  of  the  third  focus,  arising  fix)m  the  reunion  of  the 
dispersed  rays,  is  the  thermopile  gr,  connected  by  its  wires  k  k 
with  the  multiplier  m. 

Whenever  any  of  the  visible  rays  of  the  Fraunhofer  spectrum 
are  intercepted  by  advancing  either  of  the  screens  A,  i,  the 
image  on  the  face  of  the  pile  ceases  to  be  white.  It  becomes  of 
a  superb  tint,  answering  to  the  combination  of  the  non-inter- 
cepted rays.  A  slip  of  white  paper  placed  for  a  moment  in 
front  of  the  pUe  will  satisfy  the  experimenter  how  magnificent 
these  colors  are.  It  is  evident,  therefore,  that  by  this  arrange- 
ment the  pile  will  enable  us  to  measure  the  heat  of  any  parti- 
cular ray,  or  of  any  selected  combination  of  rays.  The  screens 
can  be  arranged  so  us  to  reach  any  designated  Fraunhofer  line. 

The  pile  I  have  used  is  of  the  common  square  form ;  a  linear 
pile  would  not  answer.    The  focal  image  on  the  pile  is  of  -^ex^ 
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much  greater  width  than  the  slit  a,  on  account  of  the  obliquity 
of  the  front  face  of  the  prism. 

By  removing  the  screen  A,  and  plainng  the  screen  t  so  tbat 
its  e^ge  coincides  with  the  line  A  of  the  Fraunhofer  spectrum,  all 
the  invisible  heat  radiations  of  less  refrangibilitj  than  the  ted 
are  cut  off,  except  the  contaminating  ones  arising  fix)m  the  gen- 
eral diffusion  of  light  b^  the  substance  of  the  prism.  Under 
these  circumstances  the  image  on  the  pile  will  oe  white,  and 
the  multiplier  will  give  a  deflection  representing  the  heat  of  the 
visible  and  the  extra  violet  regions.  If  then  the  screen  be 
advanced  still  farther,  until  it  has  intercepted  all  the  less 
refrangible  regions  up  to  the  sodium  line  D  or  a  little  beyond, 
that  is,  to  the  optical  center  of  the  spectrum,  the  tint  on  the  face 
of  the  pile  will  be  greenish-blue,  and  the  multiplier  will  give  a 
measure  of  the  heat  of  the  more  refrangible  half  of  the  visible 
spectrum,  together  with  that  of  the  ultra-violet  rays;  the  latter 
portion  may,  however,  be  eliminated  by  properly  using  the 
other  screen  A. 

Besides  the  error  arising  from  stray  heat  diffused  through  the 
spectrum,  in  consequence  of  the  optical  imperfectioti  of  the 
prism,  there  is  another  which  may  be  recognised  on  recollecting 
the  relative  }X)sitions  of  the  prism,  the  concave  mirror,  and  the 
face  of  tlie  pile.  It  is  evident  that  the  prism,  considered  as  a 
wann  or  a  cool  mass,  is  a  source  of  disturbance,  for  the  mirror 
reflects  its  image,  that  is,  the  image  of  the  prism  itself,  to  the 
pile.  After  the  intromitted  sunbeam  has  passed  through  the 
prism  for  a  short  time,  the  temperature  of  tnat  mass  has  risen, 
aud  the  heat  from  this  source  has  become  intermingled  with  tlie 
proper  spectrum  heat.  But  this  error  is  very  easily  eliminated. 
It  is  only  necessarv'  to  put  a  screen  n  in  the  path  of  the  incoming 
ray,  between  the  slit  and  the  prism,  and  note  the  deflection  of 
the  multiplier.  Used  as  we  are  here  supposing,  the  multipUer 
has  two  zeros.  The  first,  which  may  be  termed  the  magnetic, 
is  the  position  in  which  the  needles  will  stand  when  no  current 
is  passing  through  the  coiL  The  scale  of  the  instrument  should 
be  set  to  this.  The  other,  which  may  be  termed  the  working 
zero,  is  formed  by  coupling  the  pile  and  the  multiplier  together, 
and  introducing  the  screen  n  between  the  intromitting  slit  and 
the  prism.  On  doing  this  it  will  probably  be  found  that  the 
index  will  deviate  a  few  di\'isions.  Its  position  should  be 
accuratelv  marked  at  the  beprinning  and  close  of  each  set  of 
measures,  and  the  proper  correction  for  thenj  made.  The  dis- 
turbing" influences  of  the  mass  of  the  prism,  of  the  mirror,  and 
of  the  pile  itself,  are  thus  eliminated.  As  respects  the  last,  it 
should  not  be  forgotten  that  it  may  l)e  affected  by  changes  in 
the  position  of  the  person  of  the  experimenter  himself. 
,     With  the  intention  of  diminishing  these  errors,  I  have  usually 
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Dvered  the  upper  and  lower  portions  of  the  concave  mirror  d  d 

rith  pieces  of  black  paper,  so  arranged  as  to  leave  a  band  of 

afficient  width  to  receive  and  reflect  the  entire  spectrum, 

a,  fig.  4,  is  the  upper  paper,  bb  the  lower,  cc  the  uncovered 

i-eflecting  band,  receiving  the  spectrum 
r  V.  Had  the  spaces  thus  covered  been 
permitted  to  reflect,  they  would  have 
rendered  more  intense  the  image  of  the 
prism  with  its  extraneous  heat 

[e \  '        As  regards  the  multiplier,  care  must 
n ....j'9  g)       i^g  taken  to  avoid  disturbance  from  aerial 

currents.  I  have  one  of  these  instru- 
ments of  French  construction,  which 
could  not  be  used  in  these  delicate  re- 
searches until  proper  arrangements  were 
applied.  It  was  covered  with  a  glass  shade.  The  slightest  cause 
occasioned  currents  in  its  included  air,  which  perpetually  drifted 
and  disturbed  the  needles.  For  this  reason,  and  also  lor  more 
accurate  reading,  it  is  best  to  view  the  position  of  the  index 
through  a  small  telescope. 

The  combination  of  needles  being  nearly  astatic,  attention 
must  be  paid  to  their  magnetic  perturbations,  whether  arising 
from  local  or  other  causes ;  and,  since  the  vibrations  are  very 
slow,  ample  time  must  be  given  before  the  reading  is  ascer- 
tained. 

The  condition  of  the  face  of  the  pile  is  of  importance.  It 
must  be  such  as  to  extinguish  as  completely  as  possible  all  the 
incident  rays.  To  paint  it  with  lamp-black,  mixed  with  gum, 
will  not  answer — tne  surface  so  produced  is  too  glossy  and 
reflecting.  The  plan  I  have  found  best  is  to  take  a  glass  tube 
half  an  inch  in  diameter  and  six  inches  long,  open  at  both  ends, 
and  use  it  as  a  chimney.  A  piece  of  camphor  being  set  on  fire  at 
the  lower  end,  and  the  face  of  the  pile  to  be  blackened  being  held 
for  a  moment  at  the  upper,  it  is  covered  with  a  dense  black  film, 
without  any  risk  of  injury  to  the  pile.  Even  at  the  best,  when 
this  has  been  done,  there  is  an  unavoidable  source  of  error  in 
the  want  of  perfect  blackness  of  the  lamp-black.  It  is  sufficient 
to  inspect  the  face  of  the  pile  when  receiving  rays  from  the 
concave  mirror  to  be  satisfied  how  large  a  portion  of  light  is 
reflected.  The  experiments  of  Dr.  Tyndall  show  that  this  sub- 
stance also  transmits  a  pdnsiderable  percentage  of  the  heat 
fidling  on  it  Its  quality  of  transmitting  light  is  well  known  to 
evCTV  one  who  has  looked  at  the  sun  through  a  smoked  glass. 

The  galvanometer  I  have  used  is  calibrated  according  to  the 
usual  method.  The  numbers  given  in  this  memoir  do  not 
represent  the  angles  of  deflection,  but  their  corresponding 
forces. 
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The  proper  position  of  the  intercepting  screens  h^  %^  can  often 
be  verified  witn  precision  by  looking  through  bine  cobalt  glass. 
This  glass  insulates  a  definite  red,  an  orange,  and  a  yellow  ny 
in  the  less  refrangible  regions,  and  then  commencing  with  the 
green,  gives  a  continuous  band  to  the  end  of  the  violet  Its 
red  ray  begins  at  the  less  refrangible  end  of  the  spectrum,  and 
ends  near  c  ;  it  includes  the  fixed  lines  A,  B,  c.  Its  orange  ny 
lies  wholly  between  c  and  d,  including  neither  of  those  lines. 
Its  yellow  ray  begins  near  6894,  and  ends  about  5681 ;  the  line 
D  is  therefore  near  its  point  of  beginning.  The  remaining  oo&- 
tinnous  band  begins  about  6426 ;  it  therefore  includes  tibe  lines 
£,  d,  F,  a,  H.  I  have  found  this  glass  of  much  use  in  determining 
how  far  the  screen  i  has  been  pushed.  It  is  convenient  to  select 
a  light  kind  of  it,  and  by  looKing  through  one,  two,  or  three 
pieces,  the  depth  of  color  can  be  r^ulat^  at  pleasure. 

The  optical  train  which  has  acted  on  the  sunb^un  under 
examination  is  therefore  (1)  the  sun's  atmosphere;  (2)  the 
earth's  atmosphere ;  (8)  the  heliostat  mirror  of  speculum  metal; 
(4)  the  prism ;  (5)  the  concave  mirror  of  silvered,  glass ;  (6)  the 
blackened  face  of  the  thermopile. 

Results  obtained  hy  the  Apparatus. 

We  are  now  ready  to  examine  the  results  which  this  optical 
apparatus  yields,  it  having  been  of  course  previously  ascertained 
that  the  reflecting  band  of  the  concave  mirror  drf  is  sufficient 
to  receive  all  the  radiations  coming  from  the  prism,  and  that 
none  are  escaping  past  its  edges. 

The  operations  required  are  as  follows  : 

The  heliostat  is  to  be  set,  and  its  reflected  ray  brought  into 
the  proper  position.  The  optical  train  is  adjusted,  the  prism 
being  at  its  minimum  deviation,  and  the  concave  mirror  giving 
a  white  image  on  the  face  of  the  pila 

The  screen  h  is  then  to  be  placed  so  that,  without  intercepting 
any  rays  coming  from  the  pnsm  to  the  mirror,  it  cuts  oflF  all 
the  Fraunhofer  spectrum  aoove  H*. 

The  screen  a  is  so  placed  as  to  cut  off  all  rays  less  refrangible 
than  the  sodium  line  D.  More  correctlv,  the  screen  should  be 
a  little  beyond  D.  The  light  on  the  face  of  the  pile  will  now 
be  greenish-blue. 

The  screen  n  is  then  placed  so  as  to  intercept  the  intromitted 
beam.  When  the  needles  of  the  multiplier  come  to  rest  they 
give  the  working  zero,  which  must  be'noted. 

The  introniitting  screen  n  being  now  removed,  the  multiplier 
will  indicate  all  the  heat  of  the  more  refrangible  rays,  that  is 
from  a  little  beyond  D  up  to  H*.  The  force  corrected  for  the 
working  zero  is  to  be  noted. 

The  screen  i  is  then  removed  to  the  line  A,  so  as  to  give  all 
the  radiations  between  the  lines  a  and  H*.     The  light  on  the 
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Lce  of  the  pile  is  white,  and  the  multiplier  gives  the  whole 
eat  of  the  visible  spectrum.  By  subtracting  the  foregoing 
leasure  from  this,  we  have  the  heat  of  the  less  refrangible 
^on,  that  is  from  A  to  the  centre  of  the  spectrum. 

As  a  matter  of  curiosity,  the  experimenter  may  now,  if  he 
leases,  remove  the  screens  A,  t ;  the  light  on  the  face  of  the  pile 
rill  still  be  white,  and  the  multiplier  will  give  the  force  of  the 
ntire  radiations,  except  so  far  as  they  are  disturbed  by  the 
hermochrose  of  the  media.  These  measures,  as  not  bearing 
ipon  the  problem  under  consideration,  I  do  not  give  in  the 
bUowing  tablea 

Instead  of  advancing  the  screen  i  from  the  less  toward  the 
nore  refrangible  regions,  I  have  very  frequently  moved  h 
rem  the  more  refrangible  to  the  less.  Wnen  it  is  brought 
town  from  H*  to  the  centre  of  the  spectrum,  the  light  on  the 
ace  of  the  pile  is  of  an  intense  orange-red — it  might  perha{)s 
ye  csdled  a  oromine-red  I  need  not  give  further  details  of  this 
node  of  experimentation,  as  I  did  not  find  that  its  results  dif- 
iiered  in  any  important  degree  from  those  obtained  as  just 
iescribed. 

The  variation  in  diflferent  experiments  may  generally  be 
atu^ed  to  errors  in  placing  the  screen  i  with  exactness  on  the 
^ntre  of  the  spectrum  and  on  the  line  A. 

For  the  sake  of  more  convenient  comparison,  I  have  reduced 
ill  the  different  sets  of  experiments  to  tne  irtandard  of  100  for 
the  whole  visible  spectrum. 

I  have  made  use  of  four  prisms :  (1)  rock  salt ;  (2)  flint  glass ; 
[8)  bisulphide  of  carbon ;  (4)  quartz,  cut  out  of  tne  crystal  so 
IS  to  give  a  single  imaga 

All  the  observations  here  recorded  were  made  on  days  when 
there  was  a  cloudless  sky. 

Table  L — Distribution  of  heat  by  rock-^aU. 

Series  L   Series  II. 

(1)  Heat  of  the  whole  visible  spectrum, 100        100 

(2)  "  more  refrangible  region, 68  61 

(3)  "  less  "  **         47  49 

In  this  table  the  column  marked  Series  L  gives  the  mean  of 
four  sets  of  measures,  and  that  marked  U.  of  three.  At  the 
beginning  of  each  set  the  rock-salt  was  repolished. 

Table  IL — DistribiUion  of  heat  hy  fUntrglaee. 

•                                             Series  I.  Series  n. 

'1)  Heat  of  the  whole  visible  spectrum, 100  100 

2)            *^          more  refrangible  region, 49  52 

[8)             "          less              "              "      51  48 

Series  I.  gives  the  mean  of  ten  sets  of  measures,  Series  IL  of 
eight 
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Table  IIL — Distribution  of  heat  by  bisulphide  of  carbon, 

SOnM  I*    oCffellL 

Heat  of  the  whole  visible  spectnim, 100        100 

'^  more  refrangible  region, 52  49 

{3)  "  less  «  **      48  51 

The  sulphide  employed  was  devoid  of  any  yellowish  tinge;  it 
was  quite  clear.  Series  L  is  the  mean  of  eight  ezperimenlB, 
Series  IL  of  ten.        • 


s 


Tahlb  IY. — Distribution  of  heat  by  guartB. 

1)  Heat  of  the  whole  visible  spectnun, 100        100 

^'  more  refrangible  region, 49  68 

(3)  **  less  «  •*      61  47 

Series  L  represents  twenty-seven  experiments,  Series  IL 
twelve.  In  the  former  two  quartz  prisms  were  used  to  increase 
the  dispersion ;  in  the  latter  only  one  was  employed. 

Perhaps  it  mav  not  be  unnecessary  for  me  to  say  that  I  have 
repeated  these  experiments  many  hundred  times  during  a  period 
of  several  months,  including  the  winter  and  the  summer,  vary- 
ing the  conditions  as  to  the  hour  of  the  day,  arrangement  of  t^e 
apparatus,  &a,  as  much  as  I  could,  and  present  the  foregoing 
tables  as  fair  examples  of  the  results.  Apprehending  that  the 
heliostat  mirror,  which  was  of  speculum  metaJ,  might  exert 
some  disturbing  influence  on  account  of  its  faint  reddi^  tinge,  I 
replaced  it  with  one  of  glass  silvered  on  the  front  face,  but 
could  not  detect  any  substantial  diflTerence  in  the  results. 

The  important  fact  clearly  brought  into  view  by  these  experi- 
ments is,  that  if  the  visible  spectrum  be  divided  into  two  equal 
portions,  the  ray  having  a  wave-length  of  5768  being  con- 
sidered as  the  optical  center  of  such  a  spectrum,  these  portions 
will  present  heating  powers  so  nearly  equal  that  we  may  impute 
the  differences  to  errors  of  experimentation.  Assuming  this  as 
true,  it  necessarily  follows  that  in  the  spectrum  any  two  series 
of  undulations  will  have  the  same  heating  power,  no  matter 
what  their  wave-lengths  may  be. 

But  this  conclusion  leads  unavoidably  to  a  most  important 
modification  of  the  views  now  universally  held  as  regards  the 
constitution  of  the  spectrum.  When  a  ray  falls  on  an  ex- 
tinguishing surface  heat  is  produced,  but  that  heat  did  not  pre- 
exist in  the  ray.  It  arose  from  the  stoppage  of  ether  waves, 
and  is  a  pure  instance  of  the  conversion  of  motion  into  heat— 
an  illustration  of  the  modem  doctrines  of  the  conservatiou  and 
transmutation  of  force. 

From  this  point  of  view  the  conception  that  there  exists  in 
an  incident  ray  various  principles  disappears  altogether.  We 
have  to  consider  an  incid!ent  ray  as  consisting  soldy  of  etherial 
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vibrations,  which,  when  they  are  checked  by  an  extinguishing 
substance,  lose  their  vis  viva.  The  effect  that  ensues  depends 
on  the  quality  of  the  substance.  The  vibrations  imparted  to  it 
may  be  manifested  by  the  production  of  heat,  as  in  the  case  of 
lamp-black,  or  by  chemical  changes,  as  in  the  case  of  many  of 
the  salts  of  silver.  In  the  parallel  instance  of  acoustics 
clear  views  have  long  ago  been  attained,  and  are  firmly  held. 
No  one  supposes  that  sound  is  one  of  the  ingredients  of  the 
atmosphere,  and  it  would  not  be  more  incorrect  to  assert  that  it 
is  something  emitted  by  the  sounding  body,  than  it  is  to  affirm 
that  light  or  heat,  or  actinism,  are  emitted  by  the  sun. 

The  progress  of  actino-chemistry  would  be  greatly  accelerated 
if  there  could  be  steadfastly  "maintained  a  clear  conception  of 
the  distinction  between  the  mechanism  of  a  ray  and  the  effects 
to  which  that  ray  may  give  rise.  The  evolution  of  heat,  the 
sensation  of  lignt,  the  production  of  chemical  changes,  are 
merely  effects — manifestations  of  the  motions  imparted  to  pon- 
derable atoms, — and  these  in  their  turn  can  give  rise  to  con- 
verse results,  as  when  we  gradually  raise  the  temperature  of  a 
sabstance  the  oscillating  movements  of  its  molecules  are 
imparted  to  the  ether,  and  waves  of  less  and  less  length  are 
saccessively  engendered. 

In  the  title  of  this  memoir  I  have  employed  the  phrase 
**  Distribution  of  Heat,"  in  accordance  with  general  usage ;  but 
if  the  conclusion  arrived  at  be  true,  it  is  plain  that  this  should 
be  exchanged  for  "Production  of  Heat  The  heat  observed 
did  not  pre-exist  in  the  incident  rays :  it  is  the  result  of  their 
extinction. 

The  remark  has  been  made  that  these  results  are  essentially 
connected  with  photometry.  In  fact,  any  thermometer  is  con- 
verted into  a  photometer,  if  its  ball  or  other  receiving  surface 
be  coated  with  a  perfectly  opaque  non-refiecting  substance. 


Art.  XXrV. — On  the  Corundum  region  of  North  Carolina  and 
Georgia^  with  descriptions  of  two  gigantic  crystals  of  that  species  ; 
by  Charles  Upham  Shepard,  Sr.,  Prof  of  Natural  History 
in  Amherst  College,  Mass. 

(Concluded  fhnn  page  114.) 

It  remains  to  speak  of  the  corundum  itself  This  may  be 
said  to  be  eminently  crystalline  throughout,  often  in  tolerably 
perfect  crystals  of  considerable  size,  in  a  few  instances,  gigantic. 
Their  form,  as  usual,  is  that  of  six-sided  prisms  or  pyramids, 
sometimes  the  two  combined ;  and  exhibiting  occasional  trian- 
gular fitces  belonging  to  the  primary  rhombohedron.     Whether 
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massive  or  crysteUized  however,  it  is  readily  cleavable ;  and  tbe 
crystals  are  remarkable  for  showing  cleavage  lines,  whereby 
their  faces  are  transversely  ruled  oft'  into  lozenge-shaped  areai^ 
often  in  a  very  beautiful  manner.  The  prevailing  colon  are 
blue  and  red,  the  latter  often  of  a  deep  tint  and  handsoma 
The  blue  is  intense  only  in  small  patches,  and  shades  off  into 
gray  or  pale  yellowish  gray.  Thus  fej  I  have  seen  do  single 
crystal,  aowever  small,  sufiiciently  iree  from  a  tendency  to 
cleavage,  to  answer  the  purposes  of  jewelry;  though  some  of  the 
larger  crystals  of  the  blue  variety  might  perhaps  afTord  portions 
pure  enough  for  ring-stones.  In  a  few  cases  I  have  seen  pale 
yellow  and  apple-green  colora  The  crystals  are  generally  rather 
remarkableior  their  trauslucency  and  internal  r^^larity.  Their 
unfitness  for  cutting,  therefore,  would  appear  to  result  from  their 
too  easy  cleavage,  rather  than  from  other  causes.  The  same  crys* 
tal  oft€n  combines  the  red  and  blue  shades  of  color ;  the  latter  tint, 
if  the  form  is  pyramidal  being  the  deepest  at  the  base,  and  evin- 
cing a  tendency  to  traverse  the  center  of  the  crystal  nearly  to  its 
apex,  where  tbe  ruby  color  wholly  replaces  it,  and  sometimes 
here  presents  itself  with  much  intensity.  The  iaces  differ  con- 
siderably in  smoothness  and  luster.  Those  belonging  to  the 
prism,  the  primary  rhombohedron,  and  the  lace  peipendicular  to 
the  axis,  being  the  most  perfect ;  while  those  of  tne  pyramids  are 
the  most  deficient  in  finish.  In  size,  the  crystals  vary  &om  a 
quarter  of  an  ounce  up  to  a  pound  in  weight,  though  the  Utter 
are  rare ;  while  two  have  been  found 
of  very  extraordinary  magnitude.  The 
largest  of  these  weighs  312  pounds, 
tbe  smaller  llf  pounds.  The  an- 
nexed wood-cut,  sKetched  from  a  pho- 
tograph, will  give  some  idea  of  their 
comparative  dimensions.  It  repre- 
sents them  at  about  one-tenth  the  nat- 
ural size. 

The  largest  of  the  two  is  red  at  the 
surface,  but  within  of  a  bluish-gray. . 
This  was  found  by  Col.  Jenks  last  au- 
tumn at  the  Oulsagee  mine,  Macon 
Co.,  N.  C. ;  and  occurred  in  a  layer  of 
soft,  almost  pulverulent,  vermiculite, 
within  four  feet  of  the  surface  of  the  ground.  We  undoubtedly 
owe  the  very  perfect  preservation  of  its  form  to  the  soft  mater- 
ial in  which  it  was  reposited.  Had  it  occurred  at  a  greater 
depth  in  the  stratum,  where  the  gangue  is  an  unaltered  ripido- 
lite,  its  extrication  except  in  fragments,  would  have  been  impos- 
sible. The  general  figure  is  pyramidal,  showing,  however, 
scarcely  more  than  a  single  six-sided  pyramid,  whose  summit  is 
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terminated  by  rather  an  uneven  and  somewhat  undefined  hex- 
agonal plane.  Two  opposite  faces  of  this  pyramid  are  produced 
to  nearly  double  the  width  of  its  remaining  four,  \^ich  imparts 
a  wedge-shaped  or  flattened  aspect  to  the  crystal.  Its  length  is 
22  inches,  its  greatest  breadth  18,  its  thickness  12.  The  angles 
as  approximately  determined  are,  A  on  A  =  124°,  h  on  A' =189°, 
son  8  =  120°,  r  (cleavage  plane)  on  5  =  137°.  The  letters  P 
refer  to  cleavage  planes :  figures  1,  2,  and  3  to  hexagonal  crystals 

f projecting  from  the  sides  of  the  main  crystal.  The  first  of  these 
1)  is  red  only  near  its  surface;  within,  it  is  bluish -gray,  as 
indeed  the  large  crystal  itself  seems  to  be,  since  such  is  the  color 
of  the  entire  central  region  of  the  broad  cleavage  face  P'.  The 
lower  part  of  the  crystal,  as  well  as  a  large  part  of  the  broad 
right  hand  face  A,  is  largely  covered  by  implanted  crystals  and 
lamina)  of  deep  green  npidolite,  some  of  which  are  an  inch  or 
more  in  diameter.  The  adjoining  pyramidal  face  h  also  displays 
here  and  there  small  imbedded  hexagonal  plates  of  the  same 
species.  The  color  of  the  four  narrow  planes  is  a  pale  pink  or 
rose-red,  that  of  the  two  broader  planes  is  a  dark  purpla  The 
surfaces  of  the  first-mentioned  set  are  somewhat  rough,  as  if  from 
erosion  or  a  partial  disintegration,  resulting  perhaps  from  the 
very  easv  cleavage  of  the  external  layers ;  but  the  broad  faces 
retain  tneir  original  smoothness  and  polish.  On  both  sets, 
however,  the  lines  of  cleavage  are  very  striking.  An  attempt 
to  represent  them  in  the  figure  is  made  at  a  few  places  by  trel- 
lised  lines,  which  may  be  taken  as  a  picture  of  the  whole  sur- 
&ce  of  the  crystal,  excepting  the  region  indicated  by  other 
shadings,  where  the  ripidolite  abounds.  The  small  triangular 
space  between  ^  and  5  refers  to  a  cleavage  fiice  parallel  with 
one  of  the  primary  planes. 

The  smaller  of  the  crystals  represented  in  the  wood-cut  is  a 
regular  hexagonal  prism,  well  terminated  at  one  of  its  extrem- 
ities, the  other  being  drusy  and  incompleta  One  of  its  lateral 
planes  is  reduced  one  half  in  its  dimensions,  through  the  presence 
of  the  pyramidal  face  h.  The  letters  P  denote  the  existence  of  in- 
cipient cleavage  planes,  parallel  with  the  primary  rhombohedron ; 
wnile  the  crossing  lines  on  o  are  to  show  the  lines  of  cleavage, 
coincident  with  the  upper  edges  of  the  laminae.  The  meeting 
of  these  lines  at  the  center  impart  a  stellular  aspect  to  this  ter- 
minal plane.  The  crystal  is  incomplete,  as  will  appear  from 
the  circular  shading  at  one  of  its  angles.  This  defect  extends, 
however,  to  less  than  one  inch  in  depth,  where  the  surface 
becomes  very  uneven,  from  being  coated  by  a  brown  vermicu- 
lite,  or  altered  ripidolite.  Some  of  the  lateral  planes  are  coated 
in  patches  with  a  white  pearly  margarite.  The  general  color  of 
the  crystal  is  a  grayish-blue,  though  there  are  spots,  particularly 
near  tne  angles,  where  it  is  of  a  pale  sapphire  tint     Its  greatest 
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breadth  is  six  inches,  and  its  length  rather  above  fiva  This 
specimen  also  was  found  hj  CoL  Jenks,  while  exploring  fer 
corundum  a|  a  new  locality  m  Babun  Co.,  Ga.,  at  a  apot  about 
16  miles  west  from  Walhalla  (S.  C),  a  little  north  of  the  pro- 
posed route  of  the  Babun  G«p  railrcMeid.  The  associated  mine^ 
als  here  are  described  by  Col.  Jenks  as  similar  to  those  at  the 
Culsagee  mine. 

It  may  not  be  out  of  place  to  append  to  the  foregoing  a  few 
observations  upon  the  minerals  associated  with  eomndum  at 
other  localitiea  The  most  important  of  these  in  the  United 
States  is  that  at  Chester,  Mass.,  alreadv  widely  known  as  the 
emery  mine,  a  deposit  forming  a  well  defined  vein  or  stratum, 
several  feet  in  thickness,  and  running  without  interruption  a 
distance  of  several  miles.  Emery,  as  is  well  known,  puts  on 
an  appearance  very  different  from  corundum,  though  nom  its 
ffreat  hardness  ana  intimate  admixture  with  pure  corundum,  it 
has  always  been  regarded  as  a  variety  of  this  species.  Its 
peculiarity  arises  from  its  being  an  aggregate  of  corundum  and 
magnetite.  This  fact  is  well  seen  at  the  Chester  mine,  the 
proportion  of  the  two  species  here  varpng  indefinitely  from  the 
merest  sprinklings  of  almost  invisible  octahedral  crystals  of 
magnetite  through  the  grains  and  crystals  of  corundum,  up  to 
absolutely  pure  massive  magnetite,  which  itself  sometimes  fills 
almost  the  entire  vein  for  a  distance  of  rods,  to  the  apparent  ex- 
clusion of  all  traces  of  corundum.  There  occur  again  consider- 
able stretches  of  the  vein,  consisting  of  almost  pure  corundum, 
or  at  least  of  this  species  only  blended  with  the  cnloritic  gangue. 

In  noting  the  associated  rocks  and  minerals,  we  here  find  a 
hornblendic  gneiss  (with  considerable  epidote)  on  one  side  of 
the  vein  (rarely  on  both  sides),  and  talcose  slate  or  steatitic 
"pseudo-serpentine"  on  the  other,  in  both  of  which  rocks 
minute  grains  of  corundum  are  found,  at  least  for  a  short  dis- 
tance from  the  vein.  In  one  place  this  hard  grav  serpentine 
has  a  dolomitic  character ;  and  the  emery  vein  itseff  often  con- 
tains narrow  seams,  a  few  inches  long,  of  pure  white  and 
sparry  dolomite,  in  which  small  crystals  and  grains  of  sapphire 
may  frequently  be  detected.  Rutiie  and  corundophilite  usually 
accompany  this  dolomite.  Margarite  in  veins  and  balls,  fix>m 
half  an  inch  to  two  inches  in  thickness,  made  up  of  broad  rose- 
colored  laminae,  placed  at  right  angles  to  the  sides  of  such 
veins,  are  frequent  in  the  emery.  In  a  somewhat  similar  man- 
ner, though  much  more  rarely,  the  diaspore  is  here  found.  Epi- 
dote in  slender  radiating  crystals  is  another  characteristic  species 
of  the  locality.  In  one  portion  of  the  vein  a  blackish-brown 
tourmaline  is  abundant:  and  not  far  distant  the  walls  and  joints 
of  the  vein  are  coated  by  a  greenish-black  chloritoid.  Very 
thin  laminae  of  ilmenite  have  also  been  met  with  in  connection 
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ihe  mar^rite  and  other  imbedded  minerals.  The^mphod- 
or  indianite  variety  of  anorthite  also  occurs  at  a  few 
L  These  are  all  the  minerals  thus  far  distinguished  as 
r  to  the  vein.  But  of  these  it  should  be  stat^,  that  the 
etite  constitutes  at  least  one-third  of  its  contents ;  next  in 
lance  comes  the  chloritic  mineral,  corundophiUte,  forming, 
ps,  one-eighth,  while  all  the  other  species  constitute  in 
entire  aggregate  less  than  one  hundreath. 
3  North  Carolina  and  Georgia  regions  chieflv  differ  from 
bester,  then,  in  the  absence  of  magnetite  (ana  accordingly 
ery),  rutile  and  diaspore ;  and  in  having  zoisite  instead  of  , 
be,  ripidolite  in  place  of  corundophilite,  and  albite  for  anor- 
Besides,  both  the  soda  hornblende  (arfvedsonite),  so 
3nt  in  N.  C.,  and  the  spinel,  are  wholly  absent  at  Chester, 
he  two  formations  agree  in  the  contiguity  very  largely  of 
esian  minerals,  in  the  total  absence  of  quartz  and  mica, 
n  general,  in  the  low  proportion  of  silicic  acid. 
B  corundum  region  of  Franklin,  Newton  and  Vernon  of 
Jersey  and  its  prolongation  at  Warwick,  N.  Y.,  is  charac- 
d  throughout  by  closely  agreeing  features.  The  gangue 
iolomitic  limestone,  in  which  it  exists  in  isolated  masses 
3kets.  It  is  generally  crystallized,  and  either  of  a  sapphire 
by  color.  Its  associates  are  spinel  (which  is  either  red 
•ay),  rutile,  biotite  (phlogopite),  a  brown  hornblende,  a 
green  arfvedsonite,  a  peculiar  feldspar,  and  more  rarely, 
irite  and  chondrodite  (the  latter  sometimes  changed  into 
itine).  Thus  far,  neither  magnetite  nor  diaspore  have 
detected  as  occurring  in  the  aggregate  at  these  placea 
►tite  here  seems  to  take  the  place  of  the  chloritic  minerals 
[  so  often  with  corundum  elsewhere,  and  spinel  that  of 
etite.  But  in  the  absence  of  (juartz  and  the  prevalence  of 
esia,  we  discover  a  marked  smiilarity  of  conditions  with 
'.  C.  and  Chester  localities, 
iceming  the  localities  in  Delaware  and  Chester  counties, 

am  unable  to  speak  definitelv.  But  all  the  specimens  of 
dum  I  have  examined  from  tnat  region  evince  the  absence 
lartz ;  and  seem  to  show  that  tourmaline,  margarite  and 

are  its  constant  associates.  At  Clubb  Mountain,  Lincoln 
y,  N.  C,  an  entirely  distinct  recdon  from  that  in  the  Blue 

first  d^cribed,  the  corundum  is  mixed  with  marearite 
•utile.  The  specimens  of  blue  corundum  found  within  a 
ears  at  Pelham,  Mass.,*  were  in  fragments  associated  with 
e,  and  also  distributed  through  vermiculite.  The  corun- 
found  in  balls  of  cyanite  at  Litchfield,  Conn.,  is  constantly 
ated  with  talc  and  diaspore;   while  the  small  sapphire 

*  See  this  Journal,  toL  xi,  iz,  p.  2*71. 
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crystals  occurring  at  Norwich,  Conn.,  were  completdy  sur- 
rounded by  the  allied  species,  fibrolite 

Dolomitic  limestone  constitutes  the  chief  repositorv  of  coran- 
dum  in  other  countries,  as  at  Campo  Longo,  ot  Ootnaid ;  and 
of  the  emery,  according  to  Dr.  J.  llawrence  Smith,  in  the  Tnik- 
ish  dominionsi  where  he  has  pointed  out  the  mai^rite,  diaspore 
and  chloritoid  as  its  distinguishing  attendants. 

The  examples  from  Mozzo,  Piedmont,  show  agangue  of  some 
compact  ^pecies  of  feldspar ;  but,  it  is  noticeable,  with  the  exdn- 
sion  of  all  adhering  quartz.  The  precious  corundum  (sapphire 
and  ruby)  coming  m>m  Ceylon  in  crystals,  mingled  wito  red 
spinel,  as  the  produce  of  river  washings,  may  fitirly  be  pre- 
sumed to  have  originated  in  dolomitic  limestone ;  while  the 
larger  crystals  and  cleavable  masses  from  Ava,  Hindostan, 
Thibet  and  China,  as  well  as  those  from  the  Urals,  were  prob- 
ably afforded  by  a  region  in  some  respects  similar  to  that  of  the 
mountainous  district  of  Georgia  ana  North  Carolina ;  but  of 
the  minerals  immediately  associated  with  it  in  those  countries 
we  possess  no  reliable  information. 

Amherst  College,  June  8.  1872. 


Art.  XXV. — Xotice  of  some  of  the  icorks  of  J,  Barrande^  with 
extracts  from  his  remarks  with  reference  to  t/te  mode  of  origin  of 
Paleozoic  species* 

1.  Trilobitos.  Extrait  du  Supplement  au  vol.  L  du  Systtoe 
Silurien  du  centre  de  la  BohSme.    Prague,  1871.     8vo,  282  pp. 

2.  SvBt^me  Silurien  du  centre  de  la  Bohdme :  voL  ii,  Cephalo- 
pedes;  4"^*  Series,  PI  351  3k  460.     4to.     Prague,  1870. 

3.  Syst.  Sil.  etc;  C^phalopodes ;  4"'«  Series;  Distribution 
horizontale  et  verticnle  des  Cephalopodes,  dans  lee  Contr^i* 
Silurionnes.     4to.     Prague,  1870. 

The  receipt  of  the  above-named  volumes,  which  we  owe  to 
the  kind  courtesy  of  the  author,  Mr.  Joachim  Barrande,  of 
Prague,  Bohemia,  gives  us  a  favorable  opportunity  for  noticing 
the  extended  and  valuable  labors  of  this  accomplished  natu- 
ralist 

For  fortv  years  or  more,  he  has  made  the  study  of  the  Silurian 
Strata  of  Bohemia  and  of  their  fossils  his  principal  object  His 
first  publication  was  a  brief  *'  Preliminary  If otice  of  the  Silurian 
System  and  the  Trilobites  of  Bohemia,"  issued  in  Leipzig  in 
1846.  This  was  followeii.  in  1847  and  1848,  by  a  brief  notice 
of  the  Bohemian   Brachiopoda,   published  in  two  parts,  at 

Ptipirad  tar  UtiM  plaoo  bj  Profesaor  Fnnk  H.  Bradley  of  KnoxriUe,  Tenneflsee. 
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nna,  and,  in  1850,  by  a  paper  on  the  Graptolites  of  Bohemia. 
1852,  he  commenced  tne  publication  of  the  large  quarto 
es  of  detailed  descriptions  of  Bohemian  Silurian  fossils,  with 
ndant  and  excellent  illustrations,  of  which  two  volumes  are 
led  above.     The  first  issue  was  the  volume  of  Trilobites,  in 

►  parts,  935  pages  of  text  and  52  plates,  published  in  1852. 
voL  ii,  whicn  includes  the  Cephalopods,  the  first  livraison, 
iuding  107  plates,  appeared  in  1865,  followed,  in  1866,  by 

second,  which  incluaes  plates  108  to  244.  The  first  liv- 
on  of  text,  consisting  of  712  pages,  appeared  in  1867,  and 
I  followed,  in  1868,  by  the  third  series  of  plates,  including 
3.  245-S50.  The  fourth  and  final  series  of  plates,  including 
5.  851-460,  which  is  named  at  the  head  of  our  article,  ap- 
red  in  1870,  accompanied  by  a  volume  of  268  pages  of  sup- 
mentary  text,  treating  especially  of  the  distrH)ution  of 
irian  Cephalopods.  Volume  iii  of  the  series,  including  the 
tropods  of  the  Bohemian  Silurian,  and  consisting  of  179 
;e8  of  text  and  16  plates,  appeared  in  1867.  We  still  look 
the  supplement  to  tne  volume  on  Trilobites,  for  the  remain- 

livraison  of  the  text  of  vol.  ii,  which  is  to  include  the 
criptions  of  the  species  of  Ortkoceras  ;  for  the  volumes  which 

to  include  the  Grasteropods,  Conchifers,  Brachiopods  and 
liates;  and  for  the  final  one  which  is  to  give  us  all  the  de- 
s  of  the  stratigraphical  and  lithological  geology  of  the  Bohe- 
m  basin.     Asa  whole,  these  volumes  will  constitute  one  of 

grandest  monuments  ever  ei-ected  to  the  energy,  skill, 
ience  and  industry  of  one  man,  as  well  as  to  the  constant 
jrality  of  his  munificent  patron,  the  Count  de  Chambord. 
Jesides  this  quarto  series,  Mr.  Barrande  has  issued,  for  more 
eral  distribution,  a  series  of  octavo  pamphlets,  including  the 
eral  conclusions  announced  in  his  larger  works,  but  not 
eating  specific  descriptions,  although  they  have  been  issued 
erally  in  advance  of  the  appearance  of  the  volumes  which 
y  represent,  thus  showing  that  his  object  has  been  purely 
spread  of  information  rather  than  personal  credit  for  priority. 
this  series,  we  name  one  at  the  head  of  our  article.     He  has 

>  issued  four  pamphlets,  entitled  "Defense  des  Colonies,*'  of 
ich  we  propose  to  speak  further  on  another  occasion. 

)f  the  volumes  now  before  us,  we  can  truly  say  that  they 
worthy  successors  to  those  previously  published.  The 
tes  most  fully  and  elegantly  illustrate  the  remaining  species 
the  Cephalopoda,  and  include  many  additional  figures  of 
cies  already  illustrated  in  the  earlier  plates. 
Che  supplementary  text  of  the  Cephalopods  includes  a  thor- 
fh  study  and  full  summary  of  the  general  and  detailed  facts 
their  distribution,  at  least  so  far  as  Silurian  forms  are  con- 
ned, together  with  many  later  ones.     This  comprises  so  much 
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interesting  matter,  that  we  feel  justified  in  making  considerable 
extracts,  especially  from  the  closing  Bisume  giniral : — 

'^  I.  Relative  importance  of  Oephalopods,  As  r^anis  organizi- 
tion,  this  order  [Cephalopoda]  is  the  first  among  Molludca  It 
can  also  be  considered  as  occupying  the  first  rank  among  the 
orders  represented  in  the  Silurian  fisiunas,  if  we  except  the 
Fishes,  wnich  appeared  sporadically,  at  some  isolated  pointB, 
toward  the  end  of  this  great  period.  We  ou^ht,  however,  to 
refrain  from  judging  absolutely  as  to  the  relative  preeminenoe 
of  organization  in  the  Oephalopods  and  the  Trilobites,  becaiue 
the  elements  from  which  this  preeminence  could  be  determined 
are  forever  withdrawn  from  the  comparative  observations  of 
science.  We  know,  moreover,  that  zoology  possesses  no  inoon- 
testable  rule  for  exactly  measuring  and  weighing  the  grade  of 
organization  of  animals  which  belong  to  different  classes  cm*  sub- 
kingdoms  As  regards  the  power  or  physical  force  indicated 
by  the  dimensions  of  the  shells  of  many  species,  there  is  no 
doubt  that  the  Oephalopods  enjoyed  great  superiority  among 
the  beings  which  animated  the  Silurian  seas,  at  least  during  the 
continuance  of  the  second  and  third  fisiunaa  They  were,  tnen, 
during  these  long  ages,  the  veritable  rulers  of  the  ocean.  This 
pnxlominance  cannot  l>e  disputed,  except  toward  the  end  of 
the  thin!  fauna,  the  epix^h  of  the  appearance  of  the  first  Fishes 
and  of  iho  jxnverful  Crustaceans  of  the  genus  Pterygotus,  belong- 
invr  to  the  family  of  Eurypteridiv,  As  regards  prolific  power 
r.  t\y  the  iK\\ueney  of  individuals,  which  is  also  indispensable 
t\>r  exervMsiug  domination  in  the  sea,  it  would  be  impossible  for 
\is  to  diviile  whether  the  CephalojxHls  surpassed  the  Trilobites, 
since,  in  these  two  faunas  [second  and  third]  the  remains  of 
individuals  of  the  two  groups  occur  in  myriads,  and  are  equally 
innumerable. 

Thus  tar,  the  CophaloiKxls  may  be  considered  as  occupying 
or  disputing  the  lirst  n\nK  *  *,  but,  in  other  respects,  we  must 
iH»n'eive  that  the  pnxnninence  belongs  to  the  tribe  of  Trilo- 
niti^  Thev  {xxssesc?,  in  the  first  place,  an  incontestable  and 
woll-markiH^  pnvminence  over  the  Oephalopods  as  regards 
prit>rity.  We  know,  in  fact,  that  this  tribe  of  Orustaceans  con- 
Htitutes  bv  itself  ahuivst  the  whole  of  the  Primordial  Silurian 
faumt  T'lu^  uumlvr  of  genera  and  species  by  which  it  is  repre- 
HoiitiHl  in  this  fauna  is  ali\*ady  very  considerable,  and  we  see 
that  it  tenuis  to  inoivas^^  eiMistantly,  esj^eoially  in  England  and 
Auiorioa,  *  *  No  authentie  trace  of  Oephalopods  has  yet  been 
rcKHH;ni/.iHl  in  the  sjime  tonuations.     The  great  prolific  power 

tUo  Mollusks  i^f  this  v-^nler  in  the  second  and  third  launas 

iiiV  us  to  tliiuk  that,  if  thev  had  existed  under  various 

and  sjHvilio  tonus  in  the  Primordial  fauna,  we  should 

*    muuiis  as  tK\iuent  as  those  of  the  Trilobites  in  the 
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brmations  which  inclose  this  fauna.  And  as  the  first  appear- 
ince  of  each  order  or  of  each  important  family  is  habitually 
LDDOunced,  in  the  geological  series,  by  some  sporadic  or  pro- 

Shetic  forms,  we  long  looked  forward  to  the  discovery  of  simi- 
ir  precursors  of  the  Cephalopods  in  the  Primordial  fauna ;  but 
3ar  expectation  has  not  yet  been  realized.  In  any  case,  we 
s&nnot  deny  that  the  Trilobites  had  the  privilege  of  being 
called  into  existence  long  before  the  Cephalopods.  As  r^ards 
the  number  of  generic  types  of  Trilobites,  *  *  we  judge  that 
it  may  well  amount  to  triple  the  number  of  the  types  of  Cepha- 
lopo^  which  is  25,  according  to  our  classification.  The  advan- 
tage of  the  Trilobites,  in  this  respect,  is  then  very  decided. 
Still,  it  would  be  notably  reduced,  if  we  deduct  the  types 
which  exist  only  in  the  Primordial  fauna.  As  regards  the 
multiplicity  of  specific  forms,  the  Trilobites  are  far  from  possess- 
ing so  marked  a  predominance.  *  *  Although  the  Trilobites 
maintain  some  numerical  superiority,  as  regards  species,  in  all 
the  three  faunas,  it  has  not  oeen  very  noticeable.  But,  if  we 
consider  only  the  second  and  third  faunas,  the  predominance  of 
the  Cephalopods  becomes,  on  the  contrary,  very  great  On  the 
whole,  in  spite  of  the  privileges  which  seem  to  assure  the  first 
rank  to  the  Trilobites,  m  the  whole  of  the  Silurian  faunas,  the 
Cephalopods  possess  exclusively  certain  advantages,  which 
assured  their  aomination  during  the  continuance  of  the  second 
and  third  faunaa  The  total  number  of  Silurian  species  enume- 
rated in  the  "Thesaurus  Siluricus,"  in  1868,  reached  9,080. 
Adding  about  800  Bohemian  species,  the  names  of  which  are 
not  yet  published,  and  the  new  species  announced  in  Canada 
and  elsewhere,  the  sum  total  of  forms  known  in  the  Silurian 
formation  may  be  accounted  as  10,000,  in  round  numbers. 
The  Trilobites  contribute  to  this  sum  in  the  proportion  of  0*167. 
and  the  Cephalopods  in  that  of  0162.  The  difference  is  hardly 
sensible. 

IL  First  appearance  of  Cephalopods, — What  is  most  inexpli- 
cable to  us  is  the  relative  abruptness  with  which  the  Cephalo- 
pods seem  to  manifest  themselves  at  the  same  time  in  many 
oountri^  under  very  various  generic  and  specific  forms,  toward 
the  beginning  of  the  second  fauna,  while  their  remains  have 
not  bc^n  foudd  in  the  Primordial  fauna.  Considering  the  Silu- 
rian countries  as  a  whole,  the  types  which  show  themselves  in 
these  first  appearances  are  12  in  number,  and  so  represent  very 
nearly  half  the  total  number  of  types  of  this  order,  which  is  26. 
*  *  These  12  types,  as  a  whole,  present  the  principal  forms 
of  the  shell  *  *  from  the  straight  form  of  Orthoceras  to  the 
completely  roUed-up  forms  of  NautUxis  and  Trochoceras,  While 
the  greater  part  of  them  show  the  simple  opening  which  charac- 
terizes our  first  series,  one  of  them,  Gomphoceras,  represents, 
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by  its  completely  contracted  aperture,  the  more  ancient  fom 
corresponding  with  our  second  series.  Still,  we  observe  one 
important  deficiency,  namely,  the  total  absence  of  the  more 
simple  forms  of  the  order,  i.  e.,  the  Asooceratiikt.  The  number 
of  species  derived  from  these  12  primitive  types  is  about  185. 
*  *  This  number  represents  about  one-third  of  the  478  fonnfl 
which  characterize  the  second  fauna  in  all  Silurian  ooon- 
tries.  Thus,  the  order  shows  itself  already  largely  developed, 
in  generic  types  and  specific  forms,  upon  the  horizons  where 
we  obser\'e  the  most  ancient  traces  of  its  existence;.  We  ought 
also  to  note  the  important  fact  that,  during  the  first  epoch,  the 
number  of  migrating  species,  or  those  common  to  many  coun- 
tries \i\yon  the  grand  northern  zone  of  Europe  and  America, 
does  not  constitute;  one-fourth  of  the  sum  total  of  existing 
forms.  There  is,  moreover,  no  form  common  to  these  northern 
regions  and  to  the  grand  central  zone  of  Europe:  C!onse(juently, 
the  autochthonous  species,  i'.  c,  those  belonging  exclusively  to 
a  single  country,  represent  more  than  three-fourths  of  the  sum 
indicated,  viz  ri65.  This  localization  of  the  great  majority  of 
the  species,  at  a  time  so  remote  as  the  beginning  of  the  second 
fauna,  is  so  much  the  more  worthv  of  attention,  since  the 
Cephalopods,  as  pelagic  Mollusks.  are  supposed  to  enjoy  great 
|X)wors  of  locomotion.  Moreover,  science  being  brought  to 
admit  the  existence  of  a  very  nearly  uniform  temperature,  over 
the  fflobe,  at  this  epoch,  one  of  the  great  obstacles  to  the  gene- 
ral diltusion  of  these  Mollusks  can  not  be  invoked  to  explain 
their  distribution  in  so  many  centers  distinct  in  their  local 
faunas.  The  apparent  abruptness  in  their  first  development, 
and  the  localization  in  their  horizontal  distribution,  do  not  con- 
stitute exceptions  which  are  anomalous  and  peculiar  to  this 
onler.  On  the  contrary,  it  seems  to  us  that  these  are  habitual 
and  normal  phenomena,  which  manifest  themselves  in  the 
nivvlo  of  apjH\iranoe  of  the  orders  or  of  the  principal  families 
ooni|>^sing  the  Paleozoic  tauna. 

W  o  }^^ssoss  another  striking  example  in  the  Silurian  Crus- 
taooans.  In  all  countries  where  the  Primordial  fauna  has  been 
obsorvt\i.  uuinonnis  sreneric  and  sjxxMfic  forms  of  Trilobites  start 
together.  While  some  of  the  first  gonera  of  this  tribe  are  found 
in  :iKv<T  c«v.;ntrios.  oaoh  ot  these,  and  especially  each  of  the  great 
zouos,  vvscsos^os  many  oontoniivranovnis  tvpes  which  exclusively 
beli^r.iT  to  it.  But  it  is  csiHviallv  the  distrilnition  of  specific  forms' 
whi^'h  orVors  us  one  of  lae  nu^si  reiuarkable  examples  of  locali- 
zation. In  :act,  aiuonc  more  thun  2-iO  species  already  known 
in  rho  wV..^".o  oi  :::o  Pri:i;oniiaI  tauna  profvrly  so  called,  the 
numlvr  or*  th^xso  wl.ioh  a:v  common  to  two  countries  ge«:>graphi- 
callv  sei\»ra:ovi  is  vorv  small.  Thus  the  circumstances  which 
^  the  nuvjt  inexplicable,  in  the  first  appearance  of  the 
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[opods,  were  already  previously  manifested  in  the  first 
ance  of  the  Trilobitea  They  seem  to  have  been  even 
exaggerated  in  what  concerns  this  tribe  of  Crustaceans. 
3  fer  from  believing  that  these  appearances  are  due  solely 
disappearance  of  lost  faunas.  On  the  contrary,  we  have 
stiated  that  this  hypothetical  conception  can  by  no  means 
died  to  the  Cephalopods.  We  would  here  call  attention 
3ry  important  fact,  and  one  which  shows  a  new  harmony 
jn  the  appearance  of  the  Cephalopods  and  that  of  the 
itea  We  proved,  in  1852,  that  all  the  genera  of  Trilo- 
ppeared  during  the  Silurian,  excepting  a  doubtful  form, 
Uriffithides,  We  now  perceive,  also,  that  all  the  generic 
of  the  [Paleozoic]  Cepnalopods,  i  &,  of  the  Goniatidse, 
lutilidse  and  the  Ascoceratiose,  have  had  their  rise  during 
ne  aga  As  to  the  exclusively  Devonian  species,  named 
nta,  they  merely  represent  t6e  endogastric  form  of  the 
)f  which  the  Ooniatiles  constitute  the  corresponding  exo- 
;  form.  Thus  the  first  appearances  of  all  the  district  types 
iobites  and  Cephalopods,  with  which  we  are  dealing,  nave 
klike  concentrated  in  the  Silurian  and  have  been  accom- 
l  by  like  circumstances.  These  circumstances,  then,  seem 
JO  be  normal. 

Evolution  of  Cephalopoda, — The  evolution  of  Cephalo- 
during  the  continuance  of  the  second  and  third  Silurian 
is  very  irregular,  in  each  of  the  countries,  in  each  of  the 
zones,  and  also  in  the  entire  Silurian  world.  *  *  *  To 
solute  maximum  of  665  species,  produced  by  10  types, 
band  e',  succeeds  immediately  the  absolute  minimum 
enera  and  the  small  number  of  81  species,  in  our  band 
Jy  contrast,  to  the  absolute  minimum  of  12  species,  pro- 
Dy  3  genera,  in  our  band  f/*,  succeeds  immediately  the 
te  maximum  of  11  types,  represented  only  by  86  species, 
band  g^.  These  two  facts,  well  ascertained,  suffice  to 
us  that  we  should  not  attribute  the  evolution  of  the 
lopods  to  the  simple  theoretical  law  of  descent  {filiation) 
'  slow  transformation.  It  is  important  to  remark  that, 
tain  regions,  the  existence  of  Cephalopods  seems  to  be 
ipted  by  some  total  intermissions,  L  e.,  by  the  absence  of 
vestige  of  this  order,  in  more  or  less  considerable  verti- 
cknesses  of  the  formations.  We  have  noted  such  total 
lissions  in  different  countries ;  viz :  2  in  Bohemia,  1  in 
a,  8  in  New  York,  1  in  Wisconsin  and  1  in  Illinois.  We 
ilso  shown,  at  the  same  time,  that  the  local  repeopling  can 
e  attributed  solely  to  immigrations,  and  that  it  consists 
pally  of  new  species,  peculiar  to  each  country.  *  *  * 
i  appearances  of  the  25  types  of  this  order  are  mainly  con- 
ted  in  three  principal  epochs,  which  correspond  to  the 
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beginning  of  the  second  fiutna^  the  berinmag  of  die  llnd 
&ana,  and  the  end  of  the  third  fituna.  We  obwrre^  alKvttift 
these  three  epochs  are  at  the  same  time  distingiiuhad  hj  die 
co-existence  of  greater  numben  of  generay  tl  &,  that  thcrr  mmmi 
three  nearly  equal  maximoj  viz :  12  types  to  eadii  or  ttttftH 
two  epochs  and  only  11  to  the  third.  On  the  oontnuy,  the 
epoch  which  corresponds  with  the  end  of  the  aeoond  turn 
presents  onl]^  8  co-existing  types ;  and  a^^ain  we  find  onl?  8 
about  the  middle  of  the  secona  fistuna ;  while  about  the  od^ldk 
of  the  third  fauna  we  can  count  only  4  or  6.  We  do  not  knov 
any  reason  to  be  assigned  for  these  fluctiiation&  They  an 
particularly  well  markra  in  the  basin  of  Bohemia^  doabtlMicn 
account  of  its  great  richness.  *  *  About  the  beginning  of 
the  third  fauna,  the  12  existing  types  show  a  development  of 
specific  forms  which  constitute  the  absolute  maximnm  of  •& 
the  Silurian,  viz,  about  1000  specie&  This  is  prinoipaUy  due 
to  the  contribution  furnished  by  Bohemia^  viz :  746  q^eoiei 

lY.  Parallel  between  the  ekronohgioal  ana  txMogical  evoluiimef 
Oephalopods. — Concordance  between  geological  and  aodlpgical 
evolution  should  be  plainly  shown,  if  the  more  simple  forms  of 
zoological  evolution  had  appeared  first,  and  if,  on  the  other 
hand,  the  more  complicated  forms  had  appeared  last,  in  the 
series  of  Silurian  epochs.  Now,  observations  of  &cts  shows  us  that 
precisely  the  contraiy  has  occurred.  In  &ct,  according  to  exist- 
ing documents,  the  more  simple  forms,  viz :  the  Ascoceraiida^ 
appeared  only  toward  the  end  of  the  second  £Eiuna  in  Canada, 
and  at  the  beginning  of  the  third  fauna  in  Bohemia.  On  the 
other  hand,  the  more  complex  forms,  such  as  Nautilus  and 
TVechoceras,  are  manifested  from  the  beginning  of  the  second 
&una,  in  America.  *  *  These  &cts  suffice  to  show  us  tiie 
irreconcilable  discordance  which  exists  between  the  zoological 
and  the  chronological  evolution  of  Silurian  Cephalopoda 

But  we  have  also  noted,  in  the  course  of  our  studies,  otiier 
facts,  which  confirm  this  discordance,  and  which  are  inexplicable 
by  the  transformation  theory.  The  principal  ones  are  as  ioUows : 
1.  The  almost  abrupt  appearance  of  a  great  number  of  ^neric 
types  of  all  shapes,  di^minated  through  different  Sdurian 
regions,  about  the  beginning  of  the  second  fauna,  does  not 
accord  with  the  idea  of  their  slow  and  successive  derivation 
from  any  earlier  prototype  whatever.  In  fiict  we  have  shown 
that  the  total  absence  of  Cephalopods  from  the  Primordial 
Silurian  fauna  forbids  our  supposmg  that  these  types  were 
developed  during  the  existence  of  a  series  of  ante-primordial 
faunas,  of  which  no  trace  remains.  2.  The  slow  transforma- 
tions, conceived  of  theoretically,  would  not  account  for  the 
extraordinary  accumulation  of  "specific  forms  which  is  found 
in  Bohemia,  within  a  very  narrow  horizontal  area,  and  the 
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urtical  thickness  of  a  few  calcareous  layers  of  our  formation 
These  distinct  forms  reach  the  number  of  746,  representing 
e  proportion  of  0*46,  i,  c,  nearly  half,  of  the  1622  species  of 
3pnalopods  to-day  known  in  the  Silurian  world.  8.  If  the 
ansformations  and  divergence  of  specific  forms  results,  as 
eory  indicates,  in  the  production  of  new  types,  we  ought 
pecially  to  observe  traces  of  this  phenomenon  in  Bohemia, 
1  a  consequence  of  the  coexistence  of  10  generic  types  and 
(5  specific  forms,  during  the  deposition  of  our  limestone  bed 
'.  Now,  we  have  before  shown  that  the  sum  of  all  the  varia- 
>ns  which  one  might  have  expected  here,  according  to  theonr, 
IS  really  resulted  in  the  disappearance  of  8  types  and  644 
secies,  while  2  types  and  21  species  are  continued  in  the 
[ually  calcareous  overlying  band  /'.  Lest  anyone  should 
Lsh  to  consider  this  as  constituting  a  purely  local  exception, 
suiting  from  accidental  causes  which  acted  in  spite  of  time 
id  place,  we  will  mention  another  of  the  same  character,  and 
Be  irom  anv  similar  interpretation.  We  have  before  stated  that, 
dong  the  iamilies  of  Cephalopods  which  are  the  object  of  our 
"esent  study,  there  has  arisen  no  new  type,  either  cosmopolite  or 
cal,  during  all  the  continuance  of  the  Devonian,  Carboniferous 
id  Permian  faunas.  *  *  Still,  as  a  whole,  these  faunas  present 
number  of  species  of  Cephalopods  at  least  as  considerable  as 
at  of  the  second  Silurian  fauna,  during  which  there  appeared 
'  generic  types.  In  this  case,  neither  time,  nor  space,  nor  the 
imber  of  specific  forms,  failed  to  favor  the  production  of  some 
5w  t^pe. 

It  IS  then  the  very  power  of  variation  or  transformation 
at  has  itself  been  wanting.  If  this  pretended  force  really 
is  a  continuous  action,  and  one  inherent  to  the  nature  of 
ganized  beings,  why  was  it  so  suddenly  and  for  so  long  a 
ne  paralyzed  as  to  its  effect  upon  the  propagation  of  the 
milies  wnich  have  from  the  beginning  constituted  the  most 
)werfiil  order  of  MoUusks  ?  This  same  paralysis  has  been 
olonged  up  to  the  present  time  in  the  Nautili,  which  have 
ijoyeS  the  rare  privilege  of  an  existence  without  any  other 
nits  than  those  of  the  geological  ages  and  the  terrestrial  sur- 
cse.  In  fact,  they  have  maintained  their  primitive  generic 
laracters,  from  the  Silurian  period,  without  producing  a  single 
Uateral  and  distinct  type,  in  spite  of  the  number  of  their 
ecific  forms,  in  every  country  and  in  each  of  the  extinct 
una&  If  the  type  of  Cephalopods  *  *  had  been  gradually 
nstituted  by  transformations,  up  to  their  normal  form,  the 
termediate  transitions  would  be  represented  by  a  multitude 
individuals,  whose  number  might  well  surpass  that  of  the 
:amples  showing  the  exact  form  which  we  find.  Now,  these 
insition  forms  are  nowhere  found  in  Silurian  countries.     On 
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the  contrary,  wherever  we  observe  the  flnt  appeftmeeof  t* 
type,  the  conformation  of  the  shell  offers  to  us  all  tihe  clunctaa 
which  distinguish  it  from  other  types  of  this  order.  No  coao* 
try  seems  to  us  to  have  been  more  fiivorable  than  BcAemia  fti 
the  preservation  of  transition  forms  between  the  20  types  whkh 
it  possesses ;  for  many  of  them  are  represented  by^  "myriads  of 
individuals,  among  which  we  do  not  aiscover  any  intermediite 
fonn.  Of  certain  species,  *  *  we  have  been  able  to  ooHiek 
series  of  individuals  representing  all  ages  of  the  shelly  from  the 
embryo  to  the  adult  Since  these  forms,  really  intermediate  in 
the  development  of  a  species,  are  so  well  preserved,  why  litT6 
the  hypothetically  intermediate  forms  between  the  types  in^ari- 
ably  disappeared,  in  the  same  basin  and  the  same  limestone  laym? 
Li  view  of  these  &cts,  which  are  reproduced  in  an  anakgooB 
manner  in  all  countries,  it  is  probable  that  no  acientiat  would 
risk  putting  forth  the  assertion  that  the  formationa  indud- 
ing  the  forms  intermediate  between  our  26  types  of  Cepha* 
lopods  have  been  everywhere  invariably  destroyed  by  denada- 
tiona  It  would  then  be  superfluous  to  refute  such  a  sapposi- 
tion.  Still,  we  would  observe  that  the  very  rocks  which  have 
been  removed  by  denuding  agents,  have  left  vestiges  of  their 
existence  and  their  faunas.  Thus,  the  diluvium  of  the  north 
of  Germany  has  already  furnished  47  species  of  Cephalopods 
*  *  which  comes  from  the  denuded  rocks  of  Scandinavia  and 
Russia.  No  one  of  these  species  presents  to  us  a  form  inter- 
mediate between  the  types  of  these  countries.  Further,  the 
pebbles  of  Budleigh-Salterton,  in  Devonshire,  have  already 
yielded,  according  to  a  recent  private  communication  fix)m  Mr. 
Thos.  Davidson,  more  than  80  species,  of  different  orders, 
derived  in  part  from  still  unknown  outcrops  of  Silurian  and 
Devonian  rocks,  without  the  appearance  among  them  of  any 
forms  transitional  between  established  types.  So,  in  any  case, 
the  disappearance  of  deposits  inclosing  forms  intermediate  be- 
tween the  25  normal  types  of  Cephalopods  would  be  completely 
inadmissible  in  science.  We  could  not  then  invoke  it  in  order 
to  account  for  the  invariable  absence  of  these  forms  in  the 
Silurian  formations.  On  the  contrary,  all  observations  concur 
in  indicating  to  us  that  these  forms  have  never  existed.  We 
ought  further  to  remark  that  the  small  number  of  forms  which 
can  be  considered  as  showing  an  apparent  transition,  between 
any  two  normal  types  whatever,  have  hitherto  been  reported 
only  upon  horizons  when  their  existence  constitutes  the  gravest 
anachronism  as  regards  supposed  transformations.  ♦  ♦  ♦  These 
intermediate  forms  are  posterior  to  the  normal  type,  while, 
according  to  theory,  they  ought  to  be  anterior  to  it  *  *  The 
Endocerata  noted  in  our  studies  upon  the  evolution  of  the 
Cephalopods,  as  offering  ideally  an  intermediate  tjrpe  between 
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A,acoceras  and  Orthoceras^  appeared  toward  the  origin  of  the 
second  fauna,  while  Ascoceras  is  known  only  toward  the  end  of 
;bis  fauna.  If  we  admit  the  reality  of  the  transition  between 
^hese  forms,  it  will  be  necessary  also  to  admit  that  this  has 
taken  place  from  the  more  composite  forms,  Orthoceras^  to  the 
more  simple,  Ascoceras,  i.  &,  following  an  order  diametrically 
apposed  to  that  which  theory  supposes. 

In  short,  not  only  is  the  chronological  evolution  of  Cepha- 
lopods  in  full  discordance  with  their  zoological  evolution,  out, 
sdso,  the  various  considerations  set  forth  concur  in  demonstrat- 
ing that  the  suppositions  relative  to  transformations  vanish 
before  observed  mcts,  in  all  countries.  On  the  contrary,  these 
facts  all  tend  *  *  to  inspire  the  belief  that  the  types  of  Cepha- 
lopods  have  appeared  [origiualljr]  under  the  characteristic  and 
normal  forms  by  which  we  distmguish  them.  They  seem,  then, 
to  owe  their  origin  to  a  special  cause  and  one  totally  distinct 

from  descent  from  anterior  forms. 

«       '     *  *  *  *  *  « 

VIL  Extinction  and  gradual  renovation  of  specijic  forms. — All 
geologists  have  remarked  that  most  of  the  species  which  charac- 
terize a  formation  disappear  between  its  vertical  limits,  and  are 
replaced  by  new  forms  which  similarly  characterize  the  follow- 
ing formation.  *  *  *  It  is  clear  that  species  which  cannot  be 
attributed  to  either  of  these  three  sources  [1,  vertical  propaga- 
tion of  identical  species ;  2,  descent  from  anterior  species ;  8, 
immigration  of  foreign  species]  are  entirely  new,  and  represent 
the  effect  of  gradual  renewal  These  three  sources  united  have 
furnished  only  about  84  per  cent  of  the  species  of  Cephalopods 
in  any  fauna  whatever.  *  *  There  remain,  then,  about  66  per 
cent  of  new  species,  representing  the  influence  of  gradual  renewal 
in  each  distinct  fauna.  In  every  case,  renovation  or  the  grad- 
ual and  successive  appearance  of  new  forms  seems  to  have 
itself  contributed  at  least  as  much  as,  and  probably  much  more 
than,  all  other  apparent  sources,  to  furnish  the  elements  of 
the  successive  faunas  of  Cephalopods,  during  the  Silurian 
age. 

It  remains  for  us  to  call  the  attention  of  our  scientific  readers 
to  the  harmony  which  exists  between  the  results  of  this  study 
upon  the  gradual  renewal  of  species  and  the  results  of  the 
parallel  established  above  between  the  zoological  and  the  chron- 
ological evolution  of  Cephalopods.  In  considering  the  chron- 
ological order  of  the  appearance  of  types,  this  parallel  has 
brought  us  to  recognize  that  the  generic  and  specific  forms 
of  the  Silurian  Cephalopods  cannot  be  regarded  as  gradually 
derived  fix>m  each  other  by  an  insensible  passage  from  the 
more  simple  to  the  more  complicated  forms.  Consequently, 
the  successive  evolution  of  the  Cephalopods  cannot  be  attri- 


190  Barrand^^Origm  <^  Paltomie  efp^aim 

buted  to  a  power  of  yaiiation  mherant  in  tbeir  nalme  and  only 
cootroUed  dj  the  iBftuenoe  of  the  somnindiiig  mediom.  Ae- 
cording  to  this  conclusion,  it  is  indispensable  to  zeonr  to  tAta 
causes,  in  order  to  account  for  the  saoceasive  appeazmnoe  of  As 
forms  of  this  order.  Now,  in  our  study  upon  gradual  renova- 
tion, in  analyzing  the  elements  of  divene  oriffin  which  couti- 
tute  any  &una  whatever  of  Gephalopods,  we  nave  shown  (hit 
at  each  of  the  epochs  characterijEed  by  a  distinct  &una|  scxae 
new  and  independent  forms,  representing  at  least  half  of 
the  coexisting  species,  are  maae  manifest  without  appreciaUb 
cause,  and  as  if  by  the  effect  of  a  special  creation,  in  each  of 
the  Silurian  countries.  This  conclusion^  immediately  deduced 
fiom  the  whole  of  the  fitcts  observed  m  the  Silurian  woild, 
confirms,  in  a  manifest  manner,  our  preceding  conclusioii, 
derived  fix>m  the  parallel  between  the  soblogical  and  the  ohroa* 
olorical  evolution  of  Cephalopoda.  Both  contribute  equally 
to  show  us  how  fiu*  teachingB  founded  upon  positive  fiusts  d0(e^ 
mined  by  science  are  in  discordance  with  the  spontaneoiu 
intuitions  of  any  theories  whatever. 

Mr.  Barrande  enumerates  in  his  list  of  Silurian  Cephalopods 
25  genera  and  1622  species. 

In  the  volume  on  Trilobites,  mentioned  at  the  head  of  our 
article,  he  gives  us  the  results  of  similar  studies  upon  the 
Trilobites,  and  from  this  point  reaches  conclusions  in  accord- 
ance with  those  drawn  from  the  study  of  the  Cephalopoda 
We  have  room  for  merely  his  closing  summary. 

''  Upon  one  of  the  earlier  pages  of  this  volume,  we  have 
recalled  the  &ct  that  direct  observation  has  marvdously  con- 
firmed the  previsions  of  astronomical  theories  on  the  subject 
of  the  planet  Neptuna  These  theories  are  then  in  harmony 
with  the  truth.  By  way  of  contrast,  we  should  state,  as  the 
final  result  of  our  stu<)ies,  that  direct  observation  radically 
contradicts  all  the  previsions  of  paleontolq^cal  theories  on 
the  subiect  of  the  composition  ot  the  earlier  phases  of  the 
Primordial  Silurian  fituna.  In  short,  the  special  study  of  each 
of  the  zoological  elements  which  constitute  these  phases  has 
demonstrated  to  us  that  the  theoretical  previsions  are  in  com- 

Slete  discord  with  the  observed  fiwts  or  paleontology.  These 
iscordances  are  so  numerous  and  so  well  markea,  that  the 
composition  of  the  real  &una  would  seem  to  have  been  calcu- 
latea  for  the  express  purpose  of  contradicting  all  that  the 
theories  teach  us  regaraing  the  first  appearance  and  the  primi- 
tive evolution  of  the  forms  of  animal  life  upon  the  globe.  So, 
the  paleontological  theories  are  completely  mvalidated  by  reaHt^t 
whose  test  they  cannot  sustain.  It  is  still  to  be  ascertained 
whether  the  demonstrated  discordances  ought  to  be  imputed 
solely  to  the  essential  principle  of  the  theories  of  descent  and 
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isformation,  or  whether  they  are  derived,  to  some  extent, 
n  their  point  of  departure  in  paleontology,  i  c,  from  the 
»posed  animal  nature  of  Eozoon.  This  is  a  question  whose 
itions  we  leave  to  those  whom  it  concerns.  For  our  own 
t,  we  persist  in  thinking  that  science  ought  to  keep  strictly 
hin  the  sphere  of  observed  facts,  and  remain  completely 
.ependent  of  every  theory  which  may  tend  to  lead  it  into 
sphere  of  imagination." 


;T.  XXVI. — On  the  Red  Oocide  of  Zinc  of  New  Jersey;   by 

Aug.  a.  Hayes,  A.A.S. 

This  mineral,  discovered  and  analysed  by  the  late  Dr.  Bruce 
New  York,  was  subsequently  examined  by  M.  Berthier. 

his  "  Trait6  des  Essais  par  la  voie  S^he,  1884,  are  his 
alts,  in  which  no  allusion  to  the  cause  of  the  rich  red  color 
this  mineral  is  made,  but  the  remark,  **le  manganic  y  est 
»bablement  d  Tetat  de  deutoxide,"  closes  the  description, 
.'n  the  year  1845  I  made  some  analyses  of  this  beautiful  min- 
1  for  my  late  friend,  Mr.  Frank  Alger,  who  was  then  com- 
n^  a  treatise  on  mineralogy.  Impressed  b^  its  interesting 
Itions  to  light,  the  experiments  and  observations  were  multi- 
)d,  and  resulted  in  tne  expression  of  the  opinion,  that  the 

color  is  due  to  the  presence  in  the  minenJ  of  extremely 
lliant  scales  of  specular  iron,  which,  transmitting  a  red-brown 
Dr,  and  reflecting  lighter  tints,  acted  as  a  most  powerful  col- 
ag  matter  would  do.  It  was  also  demonstrated  that  no  oxide 
nanganese  higher  than  protoxide  existed  in  various  samples. 
Lb  opinion  in  relation  to  the  cause  of  the  coloration  was 
»ptea  by  Mr.  Alger,  and  expressed  in  his  published  work, 
I  subsequently  ProC  Dana  quoted  the  analysis  and  opinion 
bis  standard  work  on  Mineralogy.     In  the  years,  since  passed, 

subject  has  been  several  times  discussed  by  scientific  friends ; 
1  when  doubts  of  the  suflSciency  of  the  cause  have  been  ex- 
ssed,  a  resort  to  ocular  proo&  at  the  moment  has  been  deemed 
ivincing  and  satisfactory. 

!)n  turning  to  the  description  of  this  mineral  in  the  5th 
ition  of  the  admirable  system  of  Mineraloey  by  Prof  Dana, 
as  surprised  by  the  statement  that  the  distinguished  and 
orate  author  had  found,  by  '^  means  of  a  high  magnifying 
ver,  that  this  ore  is  free  from  foreign  scales  of  red  oxide 


Ton. 


)r.  Lewis  Feuchtwanger  had  kindly  sent  me  a  lai^e  cabinet 
cimen  of  a  finely  colored  mass  of  this  mineral  engaged  in 
3ite.     At  some  points  of  junction  the  red  oxide  seemed  to 
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have  stained  the  white  calcite,  as  a  coloring  matter  would  han 
dona  This, — ^with  various  specimens  oi  my  own,  indndiBff 
part  of  the  most  distinctly  ciystallized  finrn  yet  found,  and 
ranging  in  color  from  deep  red  garnet  to  reddi&oimngo  wow 
selected  as  the  subjects  enabling  me  to  criticise  my  early  result^ 
with  the  light  afforaed  by  improved  methods  of  researoh,  lb 
those  who  turn  over  these  pages,  it  may  sum  a  trivial  maltar 
whether  the  color  of  this  mm«^  be  due  to  "  red  oxide  of  nuoh 
ganese"  or  another  kind  of  matter,  so  long  as  a  body  fi»«jgn 
to  the  basis  oxide  of  zinc  is  present  I  do  not  accept  this  con- 
clusion. 

If  we  are  to  seek  a  complete  knowledge  of  a  mineral  pnaent- 
ing  color  or  altering  white  light — ^the  cause  of  this  color,  <v 
action  on  light,  becomes  an  important  part  of  it  Color  mar 
arise  fix>m  modification  of  structure,  by  the  intrusion  of  unallied 
minerals ;  by  quantity  of  added  matter  or  solely  by  the  action 
of  a  minute  weight  of  a  body  so  framed  as  to  deoompose  light 
These  are  proper  subjects  for  studir,  and  the  results  become  not 
only  an  advance  in  science,  but  afford  to  the  student  the  deu^ht 
arising  from  positive  increase  of  knowledge,  and  an  introdnctum 
to  a  large  untrodden  field— open  to  research. 

The  color  of  the  amethyst  is  due  to  little  flaws  and  cavities 
filled  with  a  highly  refracting  coloring  matter.  This  fiict 
has  been  known  for  about  a  century.  In  a  quartz  crystal 
examined  a  part  of  the  length  was  colorless ;  then  a  section  of 
amethyst  was  followed  by  colorless  quartz — ^the  sunmiit  of  the 
crystal  was  amethyst — and  no  preceptible  disturbance  of  the 
crystal-forming  process  could  be  detected. 

In  this  case,  the  beauty,  value  and  interest  in  the  colored  part 
of  the  same  crystal  were  greatly  increased  by  a  minute  amount 
of  added  matter,  and  the  suggestions  arising  from  states  of 
altered  conditions.  The  "Oriental '^  amethyst  of  the  dealers  is 
distinguished  from  other  kinds  only  by  the  number  and  dispo- 
sitions of  these  color  flaws,  a  fact  which  has  surprised  and 
interested  every  lapidary  and  collector,  when  the  proo&  weic 
ofiered.  The  remark  applies  to  colored  gems — as  we  see  com- 
monly in  emerald  when  compared  with  the  same  mineral  as 
aqua-marine,  and  in  all  collections  of  lapidaries,  museums  and 
of  private  owners  in  Europe :  it  is  easy  to  convince  one's  self  that 
the  more  valued  qualities  in  colored  gems  are  always  due  to 
defects  of  a  certain  magnitude  in  the  crystal,  which  have  been 
filled  and  changed  by  the  intrusion  of  foreign  mineral  bodies, 
conferring  more  and  new  beauty,  and  enhancing  the  intrinsic 
value  of  the  gem. 

The  observations  which  follow  apply  to  the  mineral  which 
has  been  freed  from  carbonates  and  crenates,  and  dried  at 
100°  C. 
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This  mineral  presents  a  crystalline  form  in  lamina  of  varied 
lickness,  sometimes  distinctly  divided  by  thin  layers  of  spec- 
lar  iron  scales*  These  scales  when  abundant  reflect  an  iron- 
lack  color  from  the  surface,  while  the  cross  fracture  is  ruby- 
olored.  As  the  depth  and  beauty  of  the  color  diminishes,  the 
^ales  of  specular  iron,  whether  observed  in  the  mass,  or  separ- 
ted  by  solution,  become  less  abundant,  and  Prof.  Blake  has 
escribied  a  yellow  specimen  free  from  iron  scales.  The  powder 
\  of  some  shade  of  orange-yellow :  the  semi-transparent  and 
ich  red  fragments  of  this  mineral  when  looked  upon  become 
paque  when  placed  between  the  eye  and  some  source  of  light 
lie  rays  of  light  enter  the  mass,  and  absorption  of  part  takes 
lace,  while  parts  are  being  refracted  and  reflecteo.  Entire 
"ansmission  of  red  rays  does  not  occur ;  in  thin  splinters  only 

little  altered  l^ht  passes.  We  thus  get  an  mdication  of 
nequally  diflFiised  foreign  matter,  not  pertaining  to,  or  neces- 
uy  in,  the  structure  of  the  mineral.  In  using  either  the 
fachet  or  chemical  form  of  microscope,  the  aid  of  the  lowest 
r  lower  power  is  best ;  and  when  both  reflected  and  transmitted 
aylight  illuminates  the  aesay,  we  observe  that  a  splinter  of 
le  mineral  transmits  an  olive-green  or  brownish-yellow  light, 
arying  with  the  thickness.  Thick  portions  reflect  a  portion 
f  reddish  light,  in  shadow,  olive  to  bluish-gray,  becoming 
livery  in  slant  rays.  At  about  20°  inclination  a  splinter  in 
artly  reflected  light  becomes  crossed  by  lines  of  a  dark  color, 
irtiiicial  light  makes  the  assay  more  yellow  ;  a  nice  adjustment 
f  the  incident  ray  allows  a  red  reflection  from  the  lines,  now 
ecome  surfaces  of  reflection.  If  the  assay  be  cubical,  the  rays 
"ansmitted  through  the  lamina  are  arrested  and  dispersed, 
hen  the  ends  or  sides  of  the  cubes  are  observed.  In  these 
irections  dark-colored  scales  may  be  seen  engaged  in  the 
pownish-yellow  or  olive-tinted  masses.  This  observation  is 
aportant  in  explanation  of  diversity  of  conclusions  among  ob- 
jrvers.  The  scales  generally  lie  parallel  with  the  laminae  of 
16  assay,  so  that  the  passing  rays  are  transmitted  or  slightly 
isturbed,  and  the  red  color  of  tne  mineral  is  replaced  by  that 
>lor,  which  the  scales  transmit  in  a  colorless  medium.  If  a 
>ncentrated  fluid  sulphate  of  the  ore  be  observed,  the  naked 
^e  takes  in  the  same  tint. 

The  tendency  of  fracture  is  in  the  direction  of  the  laminae, 
id  in  preparing  the  assays  the  better  way  is  to  crush  the 
lineral  oetween  steel  surfaces  to  the  diameter  of  pin  wire,  and 
jlect  the  more  opaque  grains.  These  show  the  scales  as  dis- 
nctly  as  the  bars  of  a  window  are  seen. 

Am.  Jour,  Sol— Third  Sbribs,  Vol.  IV,  No.  21  —Sept.,  1873. 
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FramieDts  of  larger  size  may  be  covered  with  aoetio  IqT' 
drate  O^a  8  of  the  shops).  The  assay  dissolyeB  as  <][metl7  u 
would  suffar,  and  the  liiie  of  contact  of  assay  with  add  nevor 
shows  a  dilution  of  color.  Points  of  scales,  having  xii^t-lined 
forms,  appear,  and  can  be  moved  so  as  to  traDamit  or  reflect 
colored  ught  But  the  most  beautiful  exhibition  occurs  late. 
The  strength  of  the  acid  is  such  as  to  form  a  saturated  solutioD, 
and  hence  it  acts  most  rapidly  on  the  more  basic  elements  of 
the  ore,  and  in  so  doing  allows  the  foreign  bodies  only  dightly 
altered  to  come  in  view.  From  the  sc^es,  little  douds  azise 
and  float  away,  often  carrying  the  specular  iron  scales,  and 
decomposing  light  In  this  way,  beautiful  hues  accompany  the 
chemical  and  mechanical  actions,  and  the  latter  show  the  ooa- 
stitution  and  compound  nature  of  these  scales. 

Sulphuric  hydrate,  so  diluted  as  to  form  the  brilliant  tnuiB- 
parent  rhombic  prisms  of  zinc-sulphate,  in  acting  on  the  assay 
in  a  saturated  solution,  transfers  tne  scales  in  the  assay  to  tlie 
colorless  crystals  formiuff-  We  get  the  scales  of  specular  iron 
arranged  in  the  axes  of  the  prisms  of  little  crystab ;  but  tiie 
charms  of  color,  luster  and  action  on,  light  are  so  fiur  lost|  that 
the  ordinary  exhibition  of  translucent  scales  engaged  in  a  trans- 
parent medium  alone  is  given. 

The  facts,  that  the  red  zinc  ore  always  contains  particles 
of  specular  iron  of  scale  thickness,  bound^  by  right  lines,  and 
that  these  scales  are  covered  by  or  connected  with  a  highly 
lustrous  mineral,  decomposed  by  the  feeblest  acids,  become 
evident  That  the  color  of  this  ore  is  not  produced  by  any 
inhering  coloring  matter,  but  results  from  the  action  of  intrua- 
ipg  minerals  absorbing  some,  reflecting  and  dispersing  other  rays 
of  light,  can  be  provea  by  the  aid  of  the  microscope. 

In  passing  to  tne  chemical  analyses  of  this  mineral,  it  becomes 
my  duty  to  meet  some  suppositions  formed  by  others  respect- 
ing the  cause  of  color ;  to  prove,  so  far  as  is  possible  for  me, 
the  negative  in  relation  to  any  other  cause  than  that  which  a 
course  of  experiments  demonstrates  as  existing.  The  sufficiency 
of  this  cause  in  producing  the  eflTect  may  not  be  convincing 
alike  to  differently  constituted  minds.  It  was  a  casual  remark 
of  Berthier, — a  most  distinguished  and  accurate  chemist — ^that 
the  oxide  of  manganese  in  this  mineral  is  probably  in  the  state 
of  deutoxide.  This  probability  has  been  seized  upon  to  account 
for  the  color  of  the  mineral.  There  is  no  red  compound  of 
deutoxide  of  manganese  known  which  could  exist  in  this  min- 
eral. Compounds  with  sulphuric  hydrate  and  chlorine  exist, 
but  I  make  use  of  both  these  re-agents  as  most  sensitive  and 
trustworthy  in  proving  the  absence  of  any  oxide  of  manganese 
hicjher  than  protoxide. 

Composition.    Retaining  the  numbers  obtained  in  1846,  after 
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i  carefully  criticising  their  accuracy,  as  representing  the 
position  of  the  more  perfect  red  specimens,  we  have 

Zinc  protoxide 93*48 

Manganese  protoxide 5*60 

Scales  of  specular  iron 0*44 

Ferric  deutoxide 0*36 

Loss 0-22 

be  loss  is  excessive,  and  was  then  supposed  to  arise  from 
dy  undetermined.  Resort  to  the  more  precise  mode  of  in- 
mdent  separation  did  not  diminish  this  loss,  and  samples 
'ved  have  enabled  me  to  account  for  it  in  part,  and  add 
a,  calcium  ofide  and  another  metal  to  the  number  of  those 
re  known  to  be  present  In  resuming  this  subject,  the  ore 
been  subjected  to  a  careful  search  for  all  other  known 
es  which  can  be  detected  without  the  aid  of  the  spectroscope, 
red  samples  of  this  ore  may  be  considered  as  a  mixture  of 
i  anhydrous  zinc  and  manganous  oxides  in  ninety-nine 
3,  and  foreign  intrusive  bodies  one  part  in  one  hundred 
s,  and  in  some  cases  the  latter  do  not  form  half  this  weight ; 
ing  the  one  hundredth  part  scales  of  specular  iron,  ferric 
oxide,  silica,  molybdous  oxide,  calcic  oxide  and  HO,  which 
J  been  determined. 

he  absence  of  the  higher  oxides  of  manganese  was  proved 
he  feet  that  the  clean  mineral  of  more  than  four  pounds 
;ht,  when  tested  in  pure  chlorhydric  acid,  did  not  produce 
rine.*  When  the  ore,  chlorhydric  acid  and  slips  of  copper 
inclosed,  the  acid  dissolves  only  so  much  copper  as  the 
oxide  of  iron  present  would  do.  When  coarse  powder  of 
ore  is  added  to  strong  chlorhydric  acid,  no  color  appears 
the  particles, — ^a  most  sensitive  test  Avoiding  any  re- 
►n  of  the  mass  of  zinc  oxide — the  latter  separated  firom  the 
lue  by  cold  diluted  acids,  such  as  acetic  hydrate  and  sul- 
•ic  hydrate,  which  do  not  dissolve  higher  oxides  of  man- 
se— these  residues  do  not  aflFord  any  traces  of  the  higher 
es,  where,  if  they  existed  in  this  ore,  thev  would  be  con- 
rated  If  the  mineral  has  been  heated  in  tne  steps  of  anal- 
or  weathered  by  exposure,  then  deutoxide  of  manganese 
ars,  and  hence  doubtless  the  supposition  of  its  occurrence 
msen. 

we  suspend  large  fragments  of  prepared  ore  in  diluted  sul- 
ic  hydrate  contained  in  a  tall  jar,  the  descending  striaB  of 
lolution  forming  contain  scales  of  specular  iron,  from  which 
)rilliant  investing  matter  has  been  dissolved.  Removing 
drying  the   fnvgments,   after  partial  solution,  the  saline 

lien  the  preparation  of  pure  chlorhydric  acid  was  going  on,  it  was  obserred 
llorine  and  sulphurous  acid  may  co-exist  for  weeks  in  tiie  stronger  solutions 
}  add  without  re-action. 
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matter  incrusts  the  sor&ce  of  an  olive-yellow  bna  fHie  nnm- 
erouB  points  projecting  permit  us  to  see  tike  anapgement  of 
the  altered  scales,  and  m  a  beam  of  lifht  to  catch  the  absorp- 
tion, reflections  and  dispersion  caused  by  the  unaltered  minenl 
within  the  fragments.  This  observation  is  suffgestive  in  several 
way&  In  the  instances  of  the  lightest  coloredspecimeiis  being 
used  in  the  trials,  it  was  necessary  to  view  the  strisD  through 
a  lens,  in  order  to  see  the  scales  (lescendin^,  although  the  col- 
lection at  the  bottom  of  the  Jar  proved  their  presenoa  This 
led  me  to  inclose  the  clean  fragments  of  ore  m  four,  six  and 
eight  thicknesses  of  fine  cambric,  which  had  been  so  treated  as 
to  leave  nearly  pure  cellulose.  The  cylindrical  ^rolls  were  sus- 
pended in  tdl  jars  of  acetic  and  sulphuric  hydrate-j-humly 
oiluted — so  as  to  be  just  below  the  line  of  surftca  Descending 
striaB  indicated  the  chemical  action  as  before,  and  after  two  or 
three  days  the  rolls  were  removed,  soaked  in  successive  por 
tions  of  water,  and  opened.  The  inner  surfiice  of  the  roll  was 
covered  with  a  lustrous  film,  composed  of  transparent  scaly 
particles  of  a  general  light  brown  color,  highly  reflective  and 
m  part  transparent  The  siliceous  skeleton  and  partly  decom- 
posed mineral  connected  with  the  iron  scales  was  thus  obtained. 
When  the  solutions  from  the  rolls  had  reposed  for  eight  days, 
a  ray  of  light  showed  myriads  of  diffusea  and  nacreous  scales 
in  the  solution,  proving  their  excessive  fineness  and  tenuity. 

This  ore  is  so  eminently  basic  that  it  dissolves  in  all  the  sol- 
vents of  even  zinc  hydrate,  and  in  the  act  often  develops  heat. 
In  my  endeavors  to  select  a  solvent  which,  removing  most  of 
the  zinc  and  manganous  oxides,  would  leave  the  intruded  min- 
eral free,  all  the  solvents  which  suggested  themselves  have 
been  tried  in  this  connection  without  success.  The  crystallizing 
process  has  also  been  tried,  and  even  the  beautiful  and  neatly 
crystallizing  double  zinc  and  manganous  and  ammonium  sul- 
phate retained  portions  of  the  mineral,  after  graduated  crystalli- 
zation. The  best  and  most  instructive  mode  of  action  adopted 
is  the  following : 

Both  ammonium  chloride  and  hydrate  dissolve  the  ore,  and  in 
the  air  the  manganous  deutoxide  forms  and  separates.  If  we 
pass  hydrogen  gas  though  a  solution  of  the  ore,  from  which 
scales  of  specular  iron  and  silica  have  been  separated,  contained 
in  a  two-tubulated  flask,  ammonia  chloride  and  hydrate  in  ex- 
cess being  added,  the  oxides  first  precipitated  dissolva  After 
repose,  the  clear  solution  may  be  removed  by  pressure  of  the 
gas,  leaving  a  mere  flock  of  ferric  deutoxide.  If  silica  is  present 
it  dissolves  in  the  zinc  solution  with  the  other  bodies,  and  it 
may  be  stated  here  that  the  substances  sought  for  are  so  small 
a  part  of  the  whole  weight  that,  in  presence  of  the  mass  of  zinc 
oxide,  re-agents  generally  fail  in  separating  thenu    By  placing 
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fragments  of  ore  of  one-third  of  an  inch  cube  in  cambric  cellu- 
lose as  above  stated,  and  using  as  a  solvent  the  ammonia  chloride 
and  hydrate  solution  in  the  jars,  the  ore  dissolves  freely,  while 
the  surface  of  the  solution,  and  later  the  outer  folds  of  the  rolls 
become  covered  with  the  manganic  deutoxide,  formed  from 
the  protoxide  as  it  is  withdrawn  from  the  protoxide  solution 
below.  This  action  alone  would  settle  the  condition  of  the 
manganese  existing  in  the  ore ;  but  it  also  removes  both  zinc 
and  manganous  oxides  from  the  mineral  As  oxygen  cannot 
penetrate  the  folds  through  a  manganous  solution,  after  the 
action  has  ceased  we  have  left  on  the  inner  fold  the  intrusive 
mineral,  brilliant,  satin-like  in  luster,  and  in  the  most  perfect 
state  it  has  presented.  It  has,  however,  been  partially  aecom- 
posed,  and-  is  a  skeleton  or  silhouette  of  the  original,  greatly 
expanded,  excepting  just  where  it  is  engaged  in  undissolved 
portions  of  the  fragments. 

Thus  obtained,  its  general  hue  is  brown,  by  reflected  light, 
as  we  see  it  by  the  microscope  in  the  mineral ;  but  its  micaceous 
films  transmit  white  and  yellowish  rays,  excepting  when  engag- 
ing scales  of  specular  iron  ;  then  reddish-brown  to  orange-red 
ravs  are  transmitted,  and  the  reflections  become  lustrous  in  a 
high  degree.* 

The  production  of  color  by  this  intrusive  mineral,  which 
may  be  considered  as  a  silicate  of  zinc,  calcium  and  ferric  deut- 
oxide, seems  to  depend  on  its  mica-like  structure  and  com- 
pound composition,  including  the  specular  iron  scales.  We 
nave  seen  that  the  ore  loses  its  red  color  when  a  ray  of  light  is 
transmitted,  or  only  the  brown  color  of  these  scales  comes  in 
view,  and  where  partial  absorption  succeeds  red  color  results. 

The  experiments  demonstrating  its  constant  presence  in  the 
colored  specimens  of  ore,  and  its  proportions  following  the 
depth  of  color  always,  would  not  be  conclusive,  if  they  failed 
to  throw  light  on  the  state  of  division  naturally  presented. 
Here  the  value  of  the  observations  of  the  solution  of  the  min- 
eral in  close  textures  rests.  Even  when  we  use  nearly  pure  cel- 
lulose paper-filters  of  finest  texture,  and  many  folds,  the  mineral 
passes,  and  we  reach  that  state  of  division,  where  mordants  dye 
solid  colors,  or  the  mystic  boundary  separating  solution  proper 
from  suspension.  The  apparent  staining  of  the  calcite  by  the 
ore  alluded  to  is  here  explained,  and  the  necessity  for  the  exist- 
ence of  much  ponderable  matter  to  produce  color,  even  in  the 
powder,  nq^atived.  Indeed,  in  some  reddish-colored  samples, 
the  whole  toreign  matter  separated  did  not  exced  TV?rth  part, 
and  only   a  small  part  of  this  was  color-producing  material. 

*  It  is  not,  perhaps,  generally  known  that  the  splendid  peacock  hues  of  the  an- 
thracite coal  of  Pennsylvania,  in  the  upper  layers,  are  due  to  the  decomposition  of 
lig^t  by  the  fihns  of  calcite,  formed  from  calcium  crenate  as  in  Newtonian  riogs. 


198      A.  M  Mayer — Bemarka  en  Dr.  R,  BadmC$  foper. 

Although  multiplied  trials  haye  fidled  in  separating  the  intra- 
sive  mineral,  in  a  pure  state,  we  haye  the  eyidenoe  of  its  ezt»- 
ordinary  power  of  action  on  light,  in  its  partially  decomposed 
condition,  and  in  some  trials  we  can  see  it  nataraUj  engaged  in 
the  mass,  and  coloring  it,  while  its  appearance  at  the  sorfiMe 
under  chemical  action  remoyes  all  doubt  of  its  being  the  caoae 
of  color.  It  was  deemed  important  tE^t  the  feature  of  snflBd- 
ency  of  this  cause  of  color  should  be  supported  hj  analogyt 
and  I  haye  sought  in  seyeral  directions  for  facts  of  this  Idnd 
I  submit  one  of  thesa 

The  mineral  camallite  presents  in  some  specimens  a  foil  rich 
red  color.  By  fracturing  and  selection  samples  were  made 
for  analysis. 

1200  parts  in  pure  water  afforded  one  rart  of  matter  remain- 
ing from  a  colorless,  dear  solution.  This  one  part  afforded 
^vV^h  part  of  specular  iron  scales  tolerably  pure,  wnile  the  bril- 
Uant  satin-like  inyesting  mineral,  in  proportion  too  small  £»* 
weighing,  gaye  to  the  compound  a  resemblance  to  the  luster 
color,  and  action  on  light,  seen  in  the  intruding  mineral  of  the 
red  oxide  of  zinc.  This  is  the  most  significant  proof  I  have 
met  with,  and  the  work  was  done  before  the  interesting  experi- 
ments of  Prof  G.  Eose  were  published  in  this  country. 

In  numerous  trials  no  feature  favoring  the  presence  of  other 
causes  of  color  has  been  observed,  and  this  ore  must  take  its 
place  with  other  minerals  whose  colors  are  due  to  foreign  min- 
erals crystallizing  with  or  intruding  into  them. 

The  detection  of  molybdenum  in  this  ore  is  easily  effected  by 
evaporating  a  neutral  chlorhydric  solution  to  a  syrupy  con- 
sistence on  a  hasp  formed  of  zinc  and  platinum.  The  platinum 
becomes  black  and  covered  with  a  coating,  which  dissolves  in 
potassium  bisulphate,  or  phosphoric  hydrate  as  altered  by  heat, 
m  a  state  fitted  for  testing. 

Brookline,  Mass.,  10th  July,  18*72. 


Art.  XXVIL — Bemarks  on  Dr.  R.  Badau's  paper  in  Dr.  Carts 
"  ReperloriuTn'^  (voL  viii,  no.  1),  entitled  "  jRemarks  on  the  in- 
fluence of  a  motion  of  Translation  of  a  Sounding  Body  on 
the  Pitch  of  the  Sound;''  by  Alfred  M.  Mateb,  PLD. 

In  the  last  number  of  CarVs  Bepertorium^  Dr.  R  Radau,  of 
Paris,  writes  an  article,  bearing  the  above  heading,  of  whicb 
the  following  is  the  opening  paragraph : 

"  The  simplest  means  of  showing  the  influence  of  a  motion  of 
the  source  of  sound  on  the  apparent  pitch,  an  effect  first  sus- 
.pected  by  Dopplet,  is,  perhaps,  the  application  of  two  tuning 
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3  of  almost  equal  pitch.  This  is  already  mentioned  in 
ig's  Catalogue  of  Acoustic  Apparatus,  1865 ;  also  in  Pisko's 
st  Acoustical  Apparatus,  page  224 ;  and  in  my  Popular 
ustics  (page  298  of  the  German  edition),  as  also  in  other 
3S.  Still  one  Mr.  A.  M.  Mayer  has  communicated  the 
J  method  to  the  Paris  Academy  of  Sciences,  11th  March, 
>mething  altogether  new.  The  only  difference  is  this :  that 
ig  counts  the  beats  which  are  gained  or  lost  to  the  ear  by 
Dtion  of  the  tuning  fork,  whereby  the  change  of  pitch  is 
jured,  while  Mr.  Mayer,  an  American,  only  shows  by  a 
i  cork  ball,  resting  against  the  stationary  fork,  whether  it 
ites  or  not  with  the  moving  ona" 

3  Dr.  Radau  does  not  give  Konig's  experiments  and  mine, 
tat  they  may  be  compared,  but  quickly  disposes  of  us  both 
irry  to  tell  of  his  own,  I  deem  it  but  just  to  Konig  and  to 
3lf  that  our  experiments  should  be  set  forth  in  our  own 
Is,  so  that  a  just  inference  may  be  drawn  from  their  com- 
lon,  while,  at  the  same  time,  they  will  serve  one  to  form  a 
er  estimate  of  M.  Radau's  claim  to  experiments  sub- 
ently  explained  in  his  paper. 

•om  Konig  s  Catalogue  des  Apparetls  d! Acousiique^  Paris, 
',  p.  16 :  "  73.  Deux  diapasons  ut^^  months  sur  leurs  caisses 
^onnances  et  accord6s  pour  donner  exactement  quatre 
5ments  par  seconde. 

1  pent  varier  Texp^rience  de  plusieurs  mani^res.  Voici  la 
simple, 

1  met  les  deux  diapasons  Tun  k  cot^  de  Tautre,  k  quelque 
.nee  de  Toreille ;  puis,  ayant  constat^  d'abord  qu'ils  aonnent 
les  quatre  battements  par  seconde,  on  rapproche  le  plus 
e  des  deux  de  Toreille,  d'environ  60  centimetres,  tout  en 
inuant  de  compter  les  battements.  L'oreille  re9oit  alors  de 
apason  une  vibration  double  de  plus,  pendant  le  temps 
oyd  a  le  ddplacer,  et  Ton  constate  alors  la  perte  d'un  batte- 
;  dans  le  meme  temps.  Si  c'est  le  plus  aigu  des  deux 
isons  que  Ton  rapproche  de  Toreille,  on  obtient  un  batte- 
t;  de  plus. 

on  tient  Tun  des  diapasons  k  la  main,  les  yeux  fix^s  sur 
)endule  qui  bat  les  secondes,  on  arrive  sans  peine  k  lu^ 
ler  un  mouvement  de  va-et-vient,  tel  qu'on  entende  toujours 
nativement  trois  et  cinq  battements  par  seconde,  J'ai 
1  fait  I'expdrience  en  mettant  les  deux  diapasons  k  une  cer- 
!  distance  Fun  de  Tautre,  et  en  promenant  entre  eux, 
i'oreille  elle-meme,  soit  ce  qui  est  de  beaucoup  pr^fiSrable, 
Ssonnateur  vt^,  mis  en  communication  avec  Toreille  par  un 
en  caoutchouc. 

ferai  encore  observer  qu'on  arrive,  par  le  m^me  proc^de, 
«rminer  approximativement  la  longueur  d'onde  d'un  son 
hauteur.* 
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From  the  Ccmptea  Bendua^  11  Mara,  1878:  ^^Ibg^Snmcm 
aoauatiques  tendani  d  dhncnirer  me  la  trantkJion  <f  im  eorp$  m 
vibration  donne  lieu  d  une  ande  aune  bngueur  d^pbrenk  de  €dk 
qmproduii  le  mSme  oorpa  vibrant  dans  une  paeiium  fiact.  Note 
de  M.  A.  M.  Mayer,  pr&ieiit6e  par  M.  Delaimay. 

l'afpareil. 

"  Apr^  m'^tre  procure  quatre  diapasons  i  fooichette  appojti 
sur  des  caisses  r&onnaiites  et  donnant  la  note  ti4=856  vib- 
rations completes  par  seoonde,  je  les  ai  designds  pur  les  noa 
1,  2,  8,  4.  J 'ai  mis  jl  Tunisson  [uurfiut  les  no&  1  et  8  d^apiids  on 
proc^^  que  j'indiquerai  plus  tard.  Na  1  fiit  plac6  devantnne 
lanteme  magique;  une  petite  balle  de  bon  li^gje  (6  millimtoes 
de  diam^tre),  suspendue  par  un  filament  de  soie,  affleorait  une 
de  sea  branches ;  I'image  du  diapason  et  de  la  baOe  de  litee  fbt 
projet^  sur  un  6cran.  Na  8  avait  Textr^roit^  d'nne  deaeB 
oranches  eharg6e  de  cire,  de  mani^  i  donner  deox  battemente 
par  seoonde  avec  no.  1  ou  na  2. 

Na  4  avait  les  extr^mit^  de  ses  branches  lim^  et  donoait 
aussi  deux  battements  par  seoonde  avec  na  1  on  na  8;  ainsi 
no.  4  faisait  deux  vibrations  par  seoonde  de  plus  que  na  1, 
tandis  que  no.  3  faisait  deux  vibrations  par  seoonde  de  moins 
que  no.  1. 

LES  £XP£RI£NC£& 

"  Dans  les  experiences  14  7  inclusivement,  le  diapason  no.  1 
reste  devant  la  lanterue,  la  bal!e  de  li^ge  affleurant  une  de  ses 
branches. 

Exp.  1. — ^Diapason  na  2,  attach^  a  sa  oaisse  et  tenu  4  la 
main,  est  mis  en  vibration  &  une  distance  de  SO  et  60  pieds  du 
no.  1 ;  la  balle  est  ^cart^  de  la  branche  du  diapason  na  1  qui 
vibre  4  Tunisson  avec  no.  2. 

Exp.  2. — Je  me  suis  plac6  k  une  distance  de  SO  pieds  da 
no.  1,  tenant  le  diapason  no.  2  d^tach^  dans  une  main  et  sa 
oaisse  dans  Tautre.  Alors,  j*ai  fait  vibrer  le  diapason  et  je  me 
suis  dirige  rapidement  vers  no.  1.  Lorsque  mon  movement  fat 
devenu  uniforme,  je  posai  le  diapason  sur  sa  oaisse,  et  Tdtai 
avant  de  m^arreter.  Bien  que  je  n*aie  h\k  ^loign6  du  diapason 
no.  1  que  d'un  pied  d  peu  pr^,  la  balle  de  li6ge  resta  en  contact 
avec  la  branche  du  diapason. 

Exp.  8. — Je  me  suis  approch6  de  nouveau  du  diapason 
no.  1  comme  dans  Texp^rience  2,  mais  sans  oter  le  diapason  de 
sa  oaisse  apr^  Tavoir  attache.  La  balle  ne  bougea  pas 
^usqu'au  moment  oii  je  m'arr^tai ;  mais  d  ce  moment  m^e 
^^u>n  assistant,  qui  tenait  Toreille  pr^s  de  la  oaisse  tandis  qu'il 
^Kwrvait  F^oran,  entendit  vibrer  le  diapason  no.  1  et  vit  sauter 
^^kle  de  li^e. 
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Exp.  4  et  5. — Je  me  suis  6loigne  du  diapason  na  1  au  lieu  ' 
m'en  approcher.     Le  rdsultat  a  6t6  le  mSme  que  dans  les 
p.  2  et  3. 

Exp.  6. — J'ai  fait  vibrer,  comme  dans  I'exp.  1,  le  diapason 
.  8,  qui  faisait  254  vibrations  par  seconae.  La  balle  ne 
ugea  point  Alors  j'ai  d6tache  le  diapason  de  sa  caisse,  et, 
5  mettant  ^  une  distance  de  30  pieds  au  diapason  no.  1,  j'ai 
lance  la  caisse  dans  la  main  vers  no.  1,  mettant  no.  3  dessus 
and  elle  approchait  no.  1  avec  la  vitesse  convenable  (8 — 9 
yds  par  seconde).  La  balle  fut  subitement  rejetee  de  no.  1. 
Ton  ralentit  ou  accel^re  considerablement  le  mouvement  de 
-et-vient  de  la  caisse,  les  vibrations  de  no.  3  ne  produiront 
cun  eflfet  sur  no.  1. 

Exp.  7. — Le  diapason  no.  4,  qui  fait  deux  vibrations  par 
jonde  de  plus  que  no.  1,  fut  substitue  k  celui  employ^  dans 
xp.  6,  mais  plac6  sur  la  caisse  en  mouvement,  quand  celle-ci 
loignait  de  no.  1.  Le  r6sultat  de  ce  mouvement  et  des 
angements  effectu^s  dans  la  vitesse  fut  le  mSme  que  dans 
xp.  6. 

Exp.  8. — J'ai  plac6  le  diapason  no.  3  devant  la  lanteme  et 
lance  le  no.  1  comme  dans  Texp.  7,  avec  le  meme  r6sultat 
Exp.  9. — J'ai  plac6   le   diapason  no.  4   devant  la  lanteme 
balanc6  le  no.  1  comme  dans  Texp.  6.     Le  r6sultat  fut  le 
Ime  que  dans  Texp.  6." 

It  is  thus  seen  that  Konig's  method  is  founded  on  the  pheno- 
mon  of  beats,  and  his  experiments  are  adapted  only  for  exhi- 
don  before  a  small  auditory :  while  my  method  is  founded 
the  phenomenon  of  the  communication  of  vibrations,  and  as  the 
ages  of  the  fork  and  cork-ball  are  projected  in  greatly  mag- 
led  proportions  on  a  screen,  they  nave  been  witnessed,  witn 
tire  satisfaction,  by  an  audience  of  nearly  one  thousand  per- 
as.  In  other  words,  Konig's  are,  we  may  say,  subjective 
their  character,  and  the  alteration  of  wave-length  is  inferred 
)m  the  change  in  the  frequency  of  the  beats;  while  mine  are 
linently  objective,  and  are  directly  intelligible  from  the  visible 
3chanical  actions  produced  by  the  forks. 
It  may  be  asked,  why  did  I  not  mention  Mr.  Konig's  beauti- 
l  experiments  as  a  proper  preface  to  my  own  ?  Before  pub- 
hing  my  results,  I  examined  into  the  literature  of  the  sub- 
3t  as  far  as  the  journals  and  transactions  of  societies  allowed, 
d  I  found  nothing  that  interfered  with  my  claim  to  the  use 
the  forks,  as  well  as  the  above  application  of  the  principle 
the  communication  of  vibrations,  and  the  exhibition  of  the 
me  to  a  large  audience  by  means  of  the  lantern.  It  was  only 
ter  my  communication  to  the  Paris  Academy  had  been  pub- 
hed,  that  my  friend  Professor  Rood,  of  Columbia  College, 
owed  me  in  Konig  s  catalogue  the  account  of  his  experi- 
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meats,  as  above  quoted.  Had  I  sooner  met  with  them  I  would 
have  prefaced  my  paper  with  a  minute  aoooont  of  his  woriL 
As  it  is,  I  do  all  i  now  can,  and  here  publicly  render  to  IL 
Kdnig  the  amende  honorable, 

Let  us  now  proceed  to  examine  another  paxanaph  of  Dl 
Badau's  paper,  after  having  perused  the  account  of  my  exmri- 
ments  from  Na  2  to  Na  9  inclusive,  M.  Badau  aajs,  "ulhe 
forks  are  mounted  on  resonators,  the  change  of  pitch  can  also  be 
observed  by  imputed  vibration&  One  fork  is  left  upon  a  taUe; 
the  other,  tanea  unisofiio^  is  strongly  vibrated  and  approached 
to  or  moved  fix>m  the  other.  If  the  second  &rk  is  m  contact 
with  the  resonator  only  during  Otis  motion^  the  fir9i  is  nol  pot 
into  vibration  because  the  exciting  sound  is  put  out  of  tmiD 
bv  the  motion.  The  imparted  vibrations  can,  however,  be 
obtained  by  first  putting  the  exciting  fork  out  of  concord,  bj 
proper  means  (for  instance  with  wax)." 

i  have  carefully  examined  into  the  history  of  this  sab* 
ject,  and  have  read  all  the  articles  referred  to  by  IL  Badaa 
in  his  paper,  including  his  own  "  V Acouetique^^  and  I  feel  justi- 
fied in  saying,  that  surely  I  could  not  have  desired  a  clearer  or 
more  concise  description  of  the  real  essential  principle  of  my 
communication  to  tne  Paris  Academy  of  Sciences  than  is  con- 
tained in  the  above  quoted  paragraph ;  and  after  having  M. 
Radau  to  tell  us  in  bis  opening  paragraph  that  I  have  done 
nothing  new,  it  is  in  truth  very  cool  in  him  thus,  in  a  sub- 
semient  paragraph,  so  coniplacently  to  appropriate  my  work. 

Thus  one  M.  Radau,  a  Frenchman,  treats  the  "one  Mr.  A.  M. 
Mayer,  an  Amencan." 

July  5th,  1872. 


Art.  XXVIII. — Preliminary  Description  of  New  Tertiary 
Mammals ;  by  O.  C.  Marsh.     Part  IL 

The  present  communication  is  a  continuation  of  the  article 
in  the  preceding  number  of  the  Journal  (p.  122),  in  which  were 
described  some  of  the  new  mammalian  remains  discovered  by 
*A  ^  ^^^®  College  expeditions  to  the  Rocky  Mountain  region. 
Among  the  animals  briefly  described  in  the  present  paper  are 
several  which  appear  to  be  Marsupials,  the  first  fossil  species  of 
the  group  detected  in  this  country,  and  hence  of  much  interest 

Limnojelis  feroXj  gen.  et  sp.  nov. 

A  gigantic  carnivore,  nearly  as  large  as  a  lion,  is  represented 

our  collections  by  portions  of  a  skull,  a  fragment  of  a  lower 

containing  the  sectorial  molar,  and  by  some  vertebras  and 
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Tther  less  important  parts  of  the  skeleton  of  the  same  individual. 
rhe  remains  show  that  the  animal  was  a  typical  carnivore,  one 
>f  the  largest  and  most  powerful  yet  discovered.  The  tooth 
preserved  resembles  the  corresponding  one  of  the  lion  in  its 
general  shape,  but  is  proportionally  broader  anteriorly,  the  base 
of  the  crown  being  subtnlateral  in  outline,  with  the  inner  side 
the  longest  This  tooth  was  in  close  contact  with  the  one  in 
front  The  zygomatic  process  of  the  squamosal  is  proportion- 
aUy  more  massive  than  in  the  lion,  although  similar  in  form. 

MecuuremerUs. 


inin< 


Antero-posterior  diameter  of  lower  Bectorial  molar, 24*5 

Greatest  transverse  diameter, 11-76 

Height  of  tooth  above  jaw, 14* 

Greatest  vertical  diameter    of   zygomatic    process    of 
squamoBal, 32* 

This  interestinjz  specimen  was  found,  in  September  last,  by 
Mr.  J.  F.  Page,  of  the  Yale  party,  near  Henry's  Fork,  Wyoming. 
The  geological  horizon  was  Eocene,  or  Lower  Miocena 

Limnofelis  latidenSj  sp.  nov. 

A  second  very  large  caraivore,  but  inferior  to  the  preceding 
in  size,  is  indicated  by  a  last  upper  premolar,  and  probably  by 
some  other  fragmentary  remains.  This  premolar  is  unusually 
broad,  and  is  remarkable  for  its  large  posterior  tubercle,  whicn 
is  two-thirds  the  size  of  the  main  cusp.  The  anterior  tubercle 
is  very  smalL  On  the  outer  face  there  is  a  well-marked  basal 
ridga  The  crown  is  IB'S""*  in  longitudinal  diameter,  ll-"°»  in 
transverse  diameter,  and  IS*"™  in  height  Another  specimen, 
apparently  of  this  species,  is  the  left  lower  jaw  of  a  young  in- 
ddviduaL  It  contains  the  canine,  and  three  molars,  the  last  of 
which  is  still  nearly  enclosed  in  the  jaw.  The  space  occupied 
by  the  three  molars  is  46°*". 

The  only  known  remains  of  the  species  were  discovered  by 
Mr.  G.  M.  ^easbey  and  the  writer,  last  autumn,  in  the  Tertiary 
beds  of  Grizzly  Buttes,  near  Fort  Bridger,  Wyoming. 

Limnocyon  riparivsj  sp.  nov. 

A  new  species  of  Limnocyon j  about  the  size  of  a  fox,  is  rep- 
resented by  both  lower  jaws  and  a  single  upper  molar  from  the 
same  animal  The  lower  jaws  are  long  and  massive,  and 
throughout  the  space  occupied  by  the  premolars  and  molars 
they  maintain  nearly  the  same  width  and  depth.  The  sym- 
physis is  elongated,  and  the  rami  were  but  slightly  coossified. 
There  were  six  teeth  behind  the  canine,  all  close  together  and 
each  with  two  fangs.  The  last  two  are  tubercular.  The 
canine  was  large,  ana  near  the  symphysis 
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Mecuurements, 


Space  occupied  by  lower  premolars  and  molars, 47* 

Space  occupied  by  last  three  molars,  26* 

Antero-posterior  diameter  of  penultimate  lower  molar, 9* 

Transverse  diameter, 5* 

Depth  of  jaw  below  this  molar, 12*5 

The  specimens  on  which  this  description  is  based  were  found, 
in  August  last,  by  Mr.  O.  Harger,  at  the  same  locality  as  the 
preceding  species. 

Limnocyon  agtlis,  sp.  nov. 

A  still  smaller  species,  apparently  of  the  same  genus,  is  well 
represented  by  the  greater  portion  of  a  skull  with  teeth,  and 
the  more  important  parts  of  the  skeleton  of  the  same  individ- 
ual In  the  lower  jaws,  the  premolars  are  separated  from 
each  other  and  from  the  canine,  and  the  first  premolar  has  but 
a  single  fang.  The  first  upper  premolar  is  separated  nearly  its 
own  longitudinal  diameter  from  the  canine.  The  penultimate 
upper  molar  has  its  elevated  pair  of  cusps  more  closely  united 
than  in  the  last  species.  The  present  animal  had  a  long  tail, 
and  claws  resembling  those  of  a  fox. 

Mecuurements, 

Space  occupied  by  three  lower  premolars, 27*6  """* 

Depth  of  jaw  below  third  lower  premolar, 12' 

Antero-posterior  diameter  of  penultimate  lower  molar, ....   7*76 

Transverse  diameter, 3*6 

Length  of  astragalus, 21' 

Transverse  diameter  of  distal  end  of  humerus, 27* 

The  above  remains  were  found  by  the  writer,  in  September 
last,  in  the  Tertiary  shale  of  Grizzly  Buttes,  Wyoming. 

Thinocyon  velox,  gen.  et  sp.  nov. 

A  small  carnivore,  about  as  large  as  a  cat,  is  represented  by  a 
nearly  perfect  lower  jaw  with  several  teeth,  and  perhaps  by 
some  less  characteristic  remains  of  other  individuals.  The  jaw 
somewhat  resembles  in  its  proportions  that  of  Lymnocyoriy  but 
it  is  more  elongated,  and  the  symphysis  is  more  nearly  horizon- 
tal. The  angle  of  the  lower  jaw  is  inflected,  thus  probably  in- 
dicating the  marsupial  aflinities  of  the  species.  The  condyle, 
also,  was  evidently  but  little  elevated.  The  number  of  teetn  in 
each  lower  jaw  was  nine,  divided  as  follows :  Incisors  2,  canine 
1,  premolars  and  molars  6.     The  incisors  are  small  and  com- 

?ressed.     The  canine  is  large,  and  nearly  round  at  the  base, 
'he  last  two  molars  are  tubercular;  and  the  four  anterior  teeth 
compressed,  and  each  has  two  fangs. 
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Meagwremenia. 

Longitudinal  extent  of  lower  premolars  and  molars, 30*5  ™°^' 

Extent  of  last  three  teeth, 16' 

Depth  of  jaw  below  last  molar, 7*5 

Length  of  symphysis, 17' 

Longitudinal  diameter  of  canine  at  base, 3*75 

Space  occupied  by  two  left  incisors, 2* 

The  specimen  on  which  the  present  description  is  based  was 
found,  in  September  last,  by  the  writer,  during  the  explorations 
of  the  Yale  party  in  Grizzly  Buttes,  Wyoming. 

Viverravus  (?)  nitidits,  sp.  nov. 

A  diminutive  mammal,  about  the  size  of  a  weasel,  is  clearly 
indicated  by  a  perfect  penultimate  lower  molar,  which  agrees  so 
nearly  with  the  corresponding  tooth  of  Viverravus  gracilis  Marsh, 
that  the  species  it  represents  may  for  the  present  be  referred  to 
that  genus.  Other  remains  in  our  collections  probably  pertain 
to  the  same  species.  The  crown  of  this  molar  is  composed  of  a 
posterior  tubercle,  which  has  its  summit  near  the  outer  side ; 
next  a  pair  of  elevated,  pointed  cusps,  of  equal  size,  the  exterior 
being  slightly  in  advance  of  the  other ;  and  in  front  a  small, 
slightly  bifid  tubercle. 

Measurements, 


mm* 


Antero-posterior  diameter  of  penultimate  lower  molar, 4* 

Transverse  diameter  in  front, 1*5 

Transverse  diameter  behind, 2* 

Height  above  jaw  of  central  tubercles, 3' 

The  above  specimen  was  discovered  last  autumn,  by  G.  G. 
Lobdell,  Jr.,  in  the  Tertiary  shale  near  Henry's  Fork,  Wyoming. 

Thinolestes  anceps,  gen.  et  sp.  nov. 

The  collections  made  by  the  Yale  party  include  the  remains 
of  a  number  of  small  carnivorous  mammals,  which  are  appar- 
ently very  unlike  any  hitherto  known.  In  dentition,  they  some- 
what resemble  several  extinct  species,  supposed  to  be  of  suilline 
affinities,  but  their  carnivorous  characters  appear  unmistakable. 
All  apparently  had  the  angle  of  the  lower  jaws  inflected,  and 
present  other  marsupial  characters,  although  in  general  struc- 
ture they  are  very  different  from  any  known  form  of  that  group. 
The  teeth  in  the  present  genus  are  similar  to  those  of  Limno- 
Iherium^  and  the  two  genera  are  evidently  nearly  related.  In 
the  complete  description,  the  characters  and  affinities  of  this 
peculiar  group,  which  may  be  called  Limnotheridce,  will  be  fully 
discussed. 

The  lower  jaws  in  this  species  are  short  and  stout  The 
teeth  agree  in  number  and  general  form  with  those  of  Limno- 


206  a  a  MarJi—Kew  !Dertiary  Jfimumrik 

therium  tyr annus  Marsh,  and  may  be  diyidad  as  fbllows:  hr 
cisors  2-2,  canines  1-1,  molar  series  7-7.  There  an  sevea 
teeth,  also,  in  the  upper  jaw  behind  the  canine.  The  fini  pn- 
molar  above  and  below  has  only  a  single  fimg.  The  appor 
molars  have  an  external  pair  of  pointed  coapSi  and  on  the  inns 
side  the  first  and  second  true  molars  have  a  pair  of  nearly  oofr 
fluent  cones,  of  which  the  anterior  is  much  the  laij^r:  Thi 
last  upper  molar  has  but  one  inner  cona  The  lower  jaws  a» 
coossified  at  the  symphysis,  but  the  suture  is  viaihle  extemaDj. 
The  head  of  the  humerus  is  much  like  that  of  the  opossom,  and 
the  distal  end  has  a  similar  supra-condilar  foramen.  The  astm- 
galus  resembles  that  of  the  raccoon.  The  animal  had  a  lone 
slender  tail,  and  was  nearly  as  large  as  an  opossom.  Its  food 
was  probably,  in  part,  insect& 


Longitudinal  extent  of  upper  molar  series, 28*  "^ 

Extent  of  three  upper  true  molars, 15*0 

Extent  of  three  lower  true  molars, 18' 

Antero-posterior  diameter  of  last  lower  molar, 6'6 

Transverse  diameter, 4' 

Depth  of  jaw  on  posterior  face  below  last  lower  molar,. . .  10' 

This  species  is  represented  in  the  Yale  Museum  by  the  more 
important  part  of  several  skeletons,  which  were  found,  last  au- 
tumn, by  Mr.  J.  F.  Quigley,  Mr.  G.  G.  Lobdell,  Jr.,  and  the 
writer,  in  the  Tertiary  deposits  of  Western  Wyoming. 

Telmalestes  crassus,  gen.  et  sp.  nov. 

This  genus,  which  closely  resembles  Thinolestes  in  the  denti- 
tion of  the  lower  jaws,  may  be  readily  distinguished  from  it  by 
the  upper  molars,  which  have  the  inner  pair  of  cones  of  the 
first  and  second  true  molars  separate,  and  of  nearly  equal  siza 
The  last  upper  molar  has  but  one  inner  cusp.  So  lar  as  is  now 
known,  the  dental  formulae  of  the  two  genera  are  the  same,  and 
in  the  proportions  of  the  jaws  they  are  very  similar.  The 
present  species  was  about  as  large  as  a  raccoon,  but  the  lower 
jaws  are  much  stouter,  and  are  ankylosed  at  the  symphysisi 

MeaaurementB. 

Longitudinal  extent  of  lower  molar  series, * . .  37'  ■"• 

Extent  of  three  lower  true  molars, 23'5 

Antero-posterior  diameter  of  last  lower  molar, 9*5 

Transverse  diameter, 5*5 

Extent  of  last  three  upper  molars, k ...  18' 

Transverse  diameter  of  last  upper  molar, 7'8 

The  specimen  on  which  the  above  description  is  mainly  based 
was  discovered,  last  September,  near  Heniy's  Fork,  Wyoming, 
by  Mr.  O.  Harger,  of  the  YaJe  party. 
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Limnotherium  affine,  sp.  nov. 

A  species  of  Limnotheriumj  somewhat  smaller  than  L.  tyran- 
nus  Marsh,  is  well  represented  in  the  Yale  Museum  by  portions 
of  a  skull  with  teeth,  both  lower  jaws,  and  a  considerable  part 
of  the  skeleton  of  the  same  animal.  The  lower  jaws  are  much 
more  slender  than  in  L.  tyrannus.  The  lower  molars  have  their 
crowns  more  compressed,  and  the  canine  is  but  little  larger  at 
the  base  than  the  first  lower  premolar.  This  and  the  following 
premolar  have  each  but  one  fang.  The  upper  true  molars  closely 
resemble  those  of  TTiinolestes  anceps, 

MetuwremenU, 

Longitudinal  extent  of  lower  molar  series, 32*  ""• 

Extent  of  last  three  lower  molars,  .     17* 

Antero-posterior  diameter  of  last  lower  molar, 7* 

Transverse  diameter, 4* 

Depth  of  jaw  on  posterior  face  below  last  lower  molar, ...  9' 
Antero-posterior  mameter  of  lower  canine  at  base, 2*8 

The  type  specimen  of  this  species  was  found,  last  September, 
at  Grizzly  Buttes,  by  Mr.  J.  F.  Quigley,  of  the  Yale  party. 

Orohippus  pumilus^  gen.  et  sp.  nov. 

The  remains  on  which  the  following  description  is  principally 
based  consist  of  two  separate  series  of  upper  molar  teeth,  four 
of  each.  They  indicate  a  new  genus  of  small  solipeds,  nearly 
allied  to  Anchitherium^  and  which  possibly  may  include  the 
species  described  by  the  writer  as  A.  gracile.  The  crowns  of 
tne  upper  true  molars  are  composed  of  a  pair  of  external  cusps 
similar  to  those  of  Anchitherium.  There  are  two  corresponding 
inner  tubercles,  fi*om  which  ridees  extend  obliquely  to  the  an- 
tenor  inner  margin  of  the  outer  cusps,  but  the  ant/rior  ridge  is 
divided  so  as  to  form  an  intermediate  anterior  tubercle.  All 
the  teeth  preserved  have  a  distinct  basal  ridge.  The  species 
was  about  the  size  of  Anchitherium  gracile^  and  appears  to  have 
had  a  long  slender  tail. 

Meaawrementa. 

Longitudinal  extent  of  four  upper  posterior  molars, 27'  °^"* 

Antero-posterior  diameter  of  last  upper  molar, 7' 

Transverse  diameter, 8* 

Antero-posterior  diameter  of  penultimate  upper  molar,. ...   7*5 
Transverse  diameter, 8*5 

The  specimens  here  described  were  found,  in  August  last,  at 
Grizzly  feuttes,  Wyoming,  by  Mr.  G.  M.  Keasbey  and  the  writer. 

Hdohyus  pltcodon,  gen.  et  sp.  nov. 

An  interesting  gei^Hls  of  small  pachyderms,  nearlv  related  to 
Byracotherium^  is  mdicated  by  an  upper  molar  tooth  in  perfect 
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preservation.  An  isolated  third  upper  premolar^  and  probaUj 
some  other  fragmentary  specimens  m>m  the  same  depomts,  xniy 
belong  to  the  same  species.  The  molar  tooth  is  apparency  the 
last  of  the  upper  series.  The  crown  is  composed  mauily  of  firar 
cones  of  nearly  equal  size.  On  the  outer  side,  there  is  a  pair  of 
regularly  conical  tubercles,  quite  similar  in  size  and  shape.  At 
the  inner  anterior  comer,  there  is  another  cone,  and  behind,  and 
partly  inside  of  this,  is  the  inner  posterior  cone.  Betweea  the 
anterior  pair  of  cones,  there  is  a  smaller  tuberela  The  crown  is 
surrounded  by  a  strong  basal  ridge,  and  the  entire  sur&ce  of  the 
enamel  is  delicately  wrinkled.  The  species  was  about  the  same 
size  as  Hyracoffierium  leporinum  Owen,  from  the  London  Clay. 


'• 


Antero-poBterior  diameter  of  last  upper  molar, 9*  ■■. 

Transverse  diameter, ID'S 

Distance  between  summits  of  external  pair  of  cones, 4* 

Distance  between  summits  of  anterior  pair  of  oones, 5*8 

The  known  remains  of  this  species  were  found  by  Mr.  H.  D. 
Ziegler  and  Mr.  G.  G.  Lobdell,  Jr.,  last  summer,  at  Grizzlj 
Buttes,  near  Fort  Bridger,  Wyoming. 

Thinotherium  valtdum,  gen.  et  sp.  nov. 

A  portion  of  a  lower  jaw  containing  the  last  true  molar,  and 
two  isolated  lower  molai*s,  which  were  found  near,  and  may 
pertain  to  the  same  animal,  indicate  a  new  ungulate  mammal, 
about  as  large  as  the  preceding  species.  The  ultimate  molar 
resembles  in  its  form  and  structure  of  crown  the  corresponding 
tooth  of  Elotherium  lentum  Marsh.  The  four  principal  tubercles 
are  similar,  and  have  the  same  relative  position,  but  at  the  pos- 
terior  extremity  of  the  crown  there  is  but  a  single  small  cusp, 
and  the  antero-interior  cone  was  but  slightly,  if  at  all,  divided. 
There  is  a  marked  lateral  construction  of  the  crown  between 
the  anterior  and  central  pair  of  cones,  and  no  basal  ridge  on  the 
sides. 

Meaawementa, 

Antero-posterior  diameter  of  last  lower  molar, 11*  ""' 

Transverse  diameter  in  front, 7* 

Transverse  diameter  through  central  pair  of  cones, 6' 

Distance  between  summits  of  central  cones, 3*1 

Antero-posterior  diameter  of  first  lower  true  molar, 8*4 

The  only  known  specimens  of  this  species  were  discovered 
last  autumn,  near  Henry's  Fork,  by  Mr.  G.  G.  Lobdell,  Jr. 

Passalacodon  Kioralis,  geiL  et  sp.  nov. 

Several  small  mammals,  evidently  inscQtivores,  about  the  size 
of  the  European  hedge-hog,  were  among  the  interesting  discov- 
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eries  of  the  Yale  party  last  year.  One  of  these  is  at  present 
known  by  a  lower  jaw  with  the  last  two  molars  perfect,  and  by 
a  few  other  fragmentary  remains.  The  jaw  was  rather  slender 
and  compressed,  and  much  prolonged  backward  at  the  angle. 
The  two  molars  preserved  have  their  crowns  composed  of  an 
anterior  pair  of  high  cusps,  and  a  posterior  pair  less  elevated.  At 
the  anterior  and  posterior  margin  of  each  molar,  there  is  a  small 
intermediate  tubercle  which  projects  beyond  the  border,  espec- 
ially in  the  penultimate  molar.  The  rami  were  apparently  not 
coossified.     The  inner  incisor  is  large  and  near  the  symphysis. 

Mecuurements. 


mni< 


Ant^ro-posterior  diameter  of  last  lower  molar, 6* 

Transverse  diameter, ....    3* 

Antero-p#8terior  diameter  of  penultimate  lower  molar, 4*8 

Transverse  diameter, 3'1 

Depth  of  jaw  below  first  low^er  premolar, 6* 

This  unique  specimen  was  found,  in  September  last,  near 
Henry's  ForJc,  by  Mr.  J.  F.  Quiglcy,  of  the  Yale  pai-ty. 

Anisacodon  eleganSy  gen.  et  sp.  no  v. 

Another  genus,  nearly  allied  to  the  preceding  one,  may  be 
established  on  a  lower  jaw  with  teeth,  which  belonged  to  an 
animal  about  the  same  size  as  the  one  last  described.  In  the 
present  specimen,  the  last  lower  molar  is  smaller  than  the  pen- 
ultimate. In  both,  the  cavities  between  the  cusps  are  much 
more  deeply  excavated  than  in  the  same  molars  of  Passalacodon^ 
and  the  small  intermedial  tubercles  are  less  prominent 

MeaawrmnerUa, 

Antero-posterior  diameter  of  last  lower  molar, 4*  "*"• 

Transverse  diameter, 3*9 

Antero-posterior  diameter  of  penultimate  lower  molar, 4*6 

Transverse  diameter,    3-1 

Depth  of  lower  jaw  on  posterior  face  below  last  molar,. . .  .6*5 

The  only  known  specimen  of  this  species  was  found,  last  au- 
tumn, by  the  writer,  near  Henry's  Forlc,  Wyoming. 

Cenietodon  pukher,  gen.  et  sp.  nov. 

A  small  insectivorous  mammal,  not  larger  than  a  mole,  is 
likewise  indicated  by  part  of  a  lower  jaw,  with  the  last  true 
molar  well  preserved.  Several  other  specimens  in  our  collec- 
tions probably  should  be  referred  to  the  same  species.  The 
lower  molar  is  quite  different  from  that  of  the  recent  small  in- 
sectivores,  and  resembles  somewhat  the  corresponding  tooth  in 
Centetes,  although  probably  there  is  little  affinity  between  the 
two  genera.    The  posterior  part  of  the  crown  is  formed  by  a 
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low  tubercle,  which  is  separated  by  a  deep  notch  jGrom  the  ao- 
terior  elevated  portion.  The  latter  is  composed  of  three  pointed 
cones,  the  front  one  being  the  highest 

Space  occupied  by  last  two  lower  molars, 8-6  *** 

Antero-posterior  diameter  of  last  lower  molar, l-S 

Transverse  diameter, 1-1 

Depth  of  jaw  below  last  lower  molar,. . .  .• 8-5 

The  specimen  here  described  was  found,  last  September,  bj 
the  writer,  near  Henry's  Fork,  Wyoming. 

Part  HL 

Nearly  all  the  remains  briefly  described  in  this  section  of  the 
present  communication  belonged  to  quite  small  animals,  many 
of  them  insectivorous,  and  several  evidently  marsupiala  In 
the  complete  description,  now  in  course  of  preparation,  these 
various  species  will  be  fiilly  described,  and  their  more  exact 
affinities  determined. 

Stenacodon  rarus,  gen.  et  sp.  nov. 

A  new  genus  of  very  small  mammals,  apparently  related  dis- 
tantly to  nyopsodus,  may  be  established  on  a  single  last  lower 
molar,  in  good  preservation,  which  is  one  of  the  rarities  of  our 
collections.  The  crown  of  the  tooth  is  remarkably  narrow.  It 
is  composed  essentially  of  four  main  cusps,  nearly  of  the  same 
size,  and  a  larger  posterior  tubercla  The  main  cusps  are  ar- 
ranged in  two  transverse  pairs,  and  the  posterior  pair  are  the 
highest.  There  is  no  basal  ridge.  The  species  was  somewhat 
smaller  than  Hyopsodus  paulushQidLj. 

Meaawrementt, 

Antero-posterior  diameter  of  last  lower  molar, 6*6  °°' 

Transverse  diameter  through  anterior  pair  of  cones, 2*9 

Transverse  diameter  through  posterior  tubercle, 2* 

Height  of  posterior  pair  of  cones  above  jaw, . .  .2-7 

The  above  specimen  was  found  by  the  writer,  last  autumn, 
near  Henry's  Fork. 

Antiacodon  venustus,  gen.  et  sp.  nov. 

This  species,  which  is  about  the  same  size  as  Homacodon  va- 
gans,  is  at  present  represented  only  by  part  of  a  lower  jaw,  with 
the  characteristic  lower  molar,  so  often  alone  preserved.  The 
crown  of  the  present  tooth  has  a  similar  composition  to  that  of 
the  same  molar  in  Homacodon.  The  four  principal  cones  stand 
in  nearly  opposite  pairs,  but  the  posterior  tubercle  is  less  widely 
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eparated  from  the  central  pair  of  cones,  and  the  inner  anterior 
usp  has  its  summit  distinctly  cleft.  The  crown,  also,  is  propor- 
ionally  shorter  longitudinally.  There  is  a  distinct  basal  ndge 
m  the  front  and  outer  sides  of  the  crown. 

MeaauremaUa, 

\.ntero-po8terior  diameter  of  last  lower  molar, 6*2  ""* 

rransverse  diameter  through  anterior  pair  of  cones, 3 '6 

[Vansverse  diameter  through  central  pair  of  cones, 3*6 

leight  of  anterior  inner  cusp  above  jaw, 3*7 

The  only  known  specimen  of  this  species  was  found,  last 
September,  by  the  writer,  near  Henry's  Fork,  Wyoming. 

Ba^Jirodon  typusj  gen.  et  sp.  nov. 

In  this  genus,  the  first  and  second  lower  true  molars  have 
irowns  with  a  similar  composition  to  those  of  Limnotherium^ 
)ut  the  anterior  pair  of  cusps  are  more  elevated,  and  the  poster- 
or  pair  are  nearly  equal  in  siza  The  last  lower  molar  is  quite 
liflFerent  from  the  corresponding  tooth  in  that  genus.  It  is 
nore  like  the  preceding  molar  with  the  acddition  of  a  posterior 
ubercle,  which  is  near  the  inner  margin.  The  present  species 
3  based  mainly  on  a  portion  of  a  lower  jaw  containing  the  last 
hree  molars.  They  indicate  an  animal  about  as  large  as  lAm- 
xotherium  elegans  Marsh,  and  one  probably  allied  to  that 
pecies. 

Mecawrementa. 


mm* 


[iongitudinal  extent  of  last  three  lower  molars, 12'6 

\ntero-po8terior  diameter  of  last  lower  molar, 6' 

Transverse  diameter, 3*6 

Seight  of  penultimate  lower  molar  above  jaw, 2*6 

The  only  known  remains  of  this  species  were  found  by  Mr. 
F.  Mead,  tfr.,  at  Grizzly  Buttes,  near  Fort  Bridger,  Wyoming, 
n  September  last 

Baihrodon  annectens,  sp.  nov. 

Another  species,  about  as  large  as  a  rabbit,  is  indicated  by 
I  fragment  pf  a  lower  jaw  with  the  last  lower  molar  perfect.  In 
is  composition,  and  the  position  of  its  cusps,  this  tooth  resem- 
t)les  the  corresponding  molar  of  Anisacodon  elegans,  but  differs 
[rom  it  in  havmg  the  anterior  half  of  the  crown  narrower  than 
ihe  posterior  portion.  The  former  is  elevated,  and  has  its  inner 
jusp  the  highest.     There  is  no  distinct  basal  ridge, 

MeaeuremetUa, 

Antero  posterior  diameter  of  last  lower  molar, 6 '8 

Fransverse  diameter  in  front, 3*4 

Transverse  diameter  through  posterior  half, 3*5 

Depth  of  jaw  on  posterior  face  below  last  lower  molar,. .  10*6 


mil]. 
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This  unique  specimen  was  discovered,  in  September  of  last 
year,  near  Henry's  Fork,  by  Mr.  F.  Mead,  Jr.,  ot  the  Yale  party. 

Mesaxiodo7i  speciosizs,  gen.  et  sp.  nov. 

This  species  and  genus  is  based  essentially  on  a  nearly  per- 
fect lower  jaw,  with  most  of  the  teeth  in  good  preservation.  In 
its  general  features,  the  jaw  resembles  that  of  Limjiotherium,  and 
the  molars  are  similar  in  composition  to  those  of  L.  elegans^ 
although  considerably  narrower.  The  teeth  form  a  continuous 
series.  The  canine  is  large  and  compressed,  and  almost  in  con- 
tact with  the  symphysis.  There  are  three  premolars,  and  three 
true  molars.  The  first  premolar  had  but  a  single  fang.  The 
second  is  compressed,  and  the  third  is  very  similar  to  the  next 
true  molar.  The  last  lower  molar  is  narrower  than  the  penul- 
timate. The  jaw  is  short,  twisted  longitudinally,  and  was  not 
coossified  with  its  fellow.  The  lower  border  was  produced 
posteriorly,  and  the  angle  inflected.  The  remains  indicate  an 
animal  about  the  size  of  the  preceding  species,  and  probably 
insectivorous. 

MecuuremerUa. 

Longitudinal  extent  of  six  lower  molars, 20*2  ^^' 

Extent  of  three  lower  true  molars, 1 2*2 

Antero-posterior  diameter  of  last  lower  molar, 4 '3 

Transverse  diameter, 3* 

Depth  of  jaw  on  posterior  face  below  last  lower  molar,. . .   7' 

The  jaw  described  above  was  found  by  the  writer,  last  Sep- 
tember, at  Grizzly  Buttes,  Wyoming. 

Hemiacodon  gracilis^  gen.  et  sp.  nov. 

A  genus  of  small  mammals,  apparently  insectivorous,  with 
molar  teeth  resembling  those  in  Sleeacodon^  is  well  represented 
by  portions  of  several  lower  jaws,  and  possibly  by  other  char- 
acteristic remains.  All  appear  to  belong  to  the  same  species, 
wliicli  was  somewhat  smaller  than  that  last  described.  The 
lower  jaws  preserved  arc  rather  slender  and  compressed.  The 
teeth  form  a  continuous  series,  and  the  dental  formula  appears 
to  be  as  follows :  Incisors  2,  canine  1,  premolars  3,  and  molars 
3.  There  were  evidently  two  small  incisors,  and  the  canine 
was  but  little  larger.  The  first  premolar  has  but  a  single  fang. 
The  two  following  are  compressed,  subtriangular  at  the  base, 
and  both  quite  different  from  the  first  true  molar.  There  was 
an  external  basal  ridge  on  the  crowns  of  the  lower  molars. 
The  jaws  were  not  coossified  at  the  symphysis.  The  lower 
margin  was  produced  posteriorly,  and  the  angle  inflected. 

MecLSurements. 

Longitudinal  extent  of  nine  lower  teeth, 20*6 

Extent  of  premolar  and  molar  series, 1 7*2 

Extent  of  true  molars, 11* 


mm* 
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mm* 


Antero-posterior  diameter  of  last  lower  molar, 4* 

Transverse  diameter, 2*4 

Depth  of  jaw  below  last  lower  molar, 6*3 

The  type  specimen  of  this  species  was  discovered,  last  autumn, 
near  Henry's  Fork,  Wyoming,  by  Mr.  G.  G.  Lobdell,  Jr. 
Other  specimens  were  found  in  the  same  region  by  Mr.  O. 
Harger,  Mr.  J.  J.  DuBois,  and  Mr.  T.  G.  Peck,  of  the  Yale 
party. 

Hemiacodon  nanus^  sp.  nov, 

A  much  smaller  species,  of  the  same  genus  apparently,  is  in- 
dicated by  a  right  lower  jaw,  with  the  last  four  molars  in  per- 
fect preservation.  The  teeth  in  this  specimen  have  crowns  with 
the  same  composition  as  in  the  preceding  species,  and  there  is 
the  same  marked  difference  between  the  last  premolar  and  the 
first  true  molar.  The  teeth  preserved  have  a  distinct  basal 
ridge.  The  jaw  is  less  compressed  than  in  the  larger  species. 
It  indicates  an  animal  about  the  size  of  a  weasel,  whose  food 
was  probably  insects. 

Measurements. 

Longitudinal  extent  of  last  four  lower  teeth, 11-  '^"* 

Extent  of  three  lower  molars, 9* 

Antero-posterior  diameter  of  last  lower  molar, 3.5 

Transverse  diameter, 2* 

Depth  of  jaw  below  first  lower  true  molar, 4*6 

The  specimen  on  which  the  above  description  is  based  was 
discovered  by  Mr.  O.  Harger,  in  September  last,  near  Henry's 
Fork,  Wyoming. 

Hemiacodon  puciUiLSj  sp,  nov. 

A  still  smaller  species,  not  larger  than  a  mole,  is  indicated 
by  a  fragment  of  a  lower  jaw  containing  the  penultimate  molar 
in  good  condition.  The  jaw  was  proportionally  more  com- 
pressed than  in  the  specimen  last  described,  but  the  tooth  pre- 
served agrees  closely  in  the  composition  of  its  crown  with  the 
corresponding  molar  of  that  species.  On  the  outer  side  of  the 
crown,  there  is  a  distinct  basal  ridge. 

Afecuurements. 

Antero-posterior  diameter  of  penultimate  lower  molar,  . .  .2*3  ™™' 

Transverse  diameter, 2* 

Height  above  jaw  of  anterior  tubercles, 1*7 

Depth  of  jaw  below  this  molar, 3*7 

This  specimen,  the  only  known  remains  of  the  species,  was 
found  in  September,  1870,  by  Mr.  H.  B.  Sargent,  of  the  Yale 
party.     The  locality  was  at  Grizzly  Buttes. 
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Oentetodon  altidena^  sp.  hot. 

A  fragment  of  a  lower  jaw  in  our  collections  comtaiDB  a  pen- 
ultimate molar,  which  agrees  so  nearly  in  its  main  featoxa 
with  the  last  lower  molar  of  Cenieiodon  ptMier^  that  the  speoa 
it  represents  ma;^  provisionally  be  referred  to  that  genuB, 
although  the  species  differ  widdhr  in  size  and  other  rmecta 
The  tooth  preserved  is  remarkable  for  its  grcAt  height  above 
the  jaw.  The  notch  between  the  low  posterior  taberde  and 
the  elevated  anterior  trifid  portion  of  the  crown  is  not  so  deep 
as  in  the  small  species,  and  more  like  that  in  the  genus  Oenk- 
tes.  There  is  a  &int  basal  ridge  around  the  crown,  except  on 
the  inner  side. 

Longitudinal  extent  of  last  two  lower  molars, 6-5  ""* 

Antero-posterior  diameter  of  penultimate  lower  molar,. . .  .8* 

Transverse  diameter,  2*8 

Height  above  jaw, 8*1 

Depth  of  jaw  below  penultimate  molar, 6* 

This  specimeu  was  found  by  the  writer,  last  autumn,  near 
Henrv^s  Fork. 

Entomodon  coviptuSj  gen.  et  sp.  nov. 

Another  genus  of  insectivores  is  represented  by  several  iso- 
lated teeth,  one  of  the  most  characteristic  of  which  is  a  last 
lower  molar,  in  excellent  preservation.  This  tooth  is  very 
narrow,  and  its  crown  is  composed  of  a  low  posterior  tubercle 
slightly  bifid ;  a  pair  of  elevated  central  cones,  the  outer  being 
the  highest,  and  slightly  in  advance  of  the  other ;  and  a  small 
compressed  anterior  tubercle.  Behind  the  inner  central  cone  is 
a  deep  depression.  There  is  no  basal  ridga  The  tooth  indi- 
cates an  animal  about  as  large  as  a  weaseL  It  is  probable  that 
the  small  mammal  referred  provisionally  by  the  writer  to  the 
genus  Vwerravus,  under  the  name  V,  nitiaus^  may  belong  to 
the  present  genus.  The  species  is  rather  smaller  than  the  one 
here  described. 

Antero-posterior  diameter  of  last  lower  molar, 5*8  °"' 

Transverse  diameter  through  central  cones, 2*5 

Height  of  outer  central  cone  above  jaw, 4*4 

Height  of  anterior  tubercle  above  jaw, 8*4 

The  type  specimen  of  this  species  was  found  near  Henry's 
Fork,  last  September,  by  Mr.  (j.  M.  Keasbey. 

Entomacodon  minutus^  gen.  et  sp.  nov. 

A  small  insectivorous  mammal,  about  as  large  as  a  mouse,  is 
indicated  by  a  fragment  of  a  lower  jaw  with  the  last  molar  per- 
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feet,  and  probably  by  some  other  equally  characteristic  remains. 
The  crown  of  the  lower  molar  has  its  main  cusps  very  similar 
to  those  of  JSntomodoUj  but  all  are  pointed.  Tne  outer  of  the 
three  anterior  points  is  the  highest,  and  the  posterior  cusp  is 
trifid.  There  is  no  basal  ridge.  An  upper  true  molar  found 
near  this  specimen,  and  perhaps  belonging  to  the  same  animal, 
resembles  m  the  composition  of  its  crown  the  first  upper  true 
molar  in  the  genus  Erinaceus, 

Metuurements, 

Antero-posterior  diameter  of  last  lower  molar, 2*2  ""• 

Transverse  diameter, !• 

Height  above  jaw, 2* 

Depth  of  jaw  below  last  lower  molar, 2*6 

The  specimens  now  representing  this  species  were  found,  last 
autumn,  near  Henry's  Fork,  by  Mr.  0.  Harger. 

CerUracodon  delicatusj  gen.  et  sp.  nov. 

One  of  the  treasures  of  our  collections  is  a  small,  nearly  per- 
fect lower  jaw,  containing  seven  teeth,  most  of  them  in  good 
preservation.  The  specimen  clearly  represents  an  insectivore, 
about  as  large  as  a  mole,  and  apparentlv  a  marsupial  The  jaw 
is  slender,  and  its  lower  border  regularly  curved  longitudinally. 
There  were  three  true  molars  with  pointed  cusps,  and  four  pre- 
molars more  or  less  compressed.  The  first  and  second  premo- 
lars are  inclined  forward,  and  separated  from  each  other.  The 
last  molar  has  a  low,  sharp,  posterior  tubercle,  and  in  firont  a 
high  pointed  external  cusp,  with  two  small  inner  tubercles. 

Measurementa. 

Longitudinal  extent  of  seven  posterior  lower  teeth, 12*8  "*"• 

Extent  of  last  three  molars, 6* 

Antero-posterior  diameter  of  last  lower  molar, 2* 

Transverse  diameter, 1*2 

Depth  of  jaw  below  last  lower  molar, 3* 

The  above  specimen  was  discovered,  in  September  of  last 
year,  near  Henry's  Fork,  by  Mr.  F.  Mead,  Jr. 

NyctiUstes  serotinics,  gen.  et  sp.  nov. 

An  interesting  genus  of  very  small  bats  is  indicated  by  part 
of  a  lower  jaw  with  the  last  three  molars  perfect  On  the  outer 
side,  these  molars  resemble  those  of  Nyciitherium^  but  differ  es- 
sentially from  the  same  teeth  in  that  genus  in  having  the  pair 
of  pointed  anterior  tubercles  of  equal  height  The  jaw  is 
slender,  and  proportionally  less  deep  than  in  Nyctiiherium. 
The  present  species  was  somewhat  smaller  than  N.  vehx. 
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Longitudinal  extent  of  last  three  lower  molars, 4*2  *"* 

Antero-posteiior  diameter  of  last  lower  molar, 1*8 

Transverse  diameter, 1' 

Depth  of  jaw  below  last  lower  molar, 2' 

This  specimen,  the  only  known  remains  of  the  species,  was 
found  bj  the  writer,  last  September,  at  Grrizzlj  Buttes,  Wy- 
oming. 

Ziphacodon  rugatus^  gen.  et  sp.  noy. 

A  new  carnivore,  about  the  size  of  a  civet  cat,  is  represented 
in  our  Wyoming  coUections  bj  the  anterior  part  of  a  lower  jaw, 
and  probably  by  other  less  important  remains.  The  premolan 
in  this  specimen  have  their  main  cusps  peculiarly  sharp  and 
effective.  Their  anterior  and  posterior  tubercles,  also,  are 
pointed,  and  placed  near  the  base  of  the  crown.  The  first  pre- 
molar is  large,  and  near  the  canine.  The  latter  was  of  medium 
size,  and  inserted  in  the  jaw  more  nearly  vertically  than  in  most 
carnivores.  The  adjoining  incisor  was  laige.  The  premolars 
have  the  enamel  of  the  crown  coarsely  wrinkled. 

Measwrementt. 

Longitudinal  extent  of  canine  and  five  next  lower  teeth,.  .30-  "'°" 

£xtent  of  four  premolars,  19*2 

Antero-posterior  diameter  of  third  premolar, 6* 

Transverse  diameter, 8' 

Depth  of  jaw  below  fourth  premolar, 85 

The  type  specimen  of  this  species  was  found  by  Mr.  J.  J. 
DiiBois.     The  locality  was  near  Henry's  Fork. 

Harpftlodfjn  sylvestnSj  gen.  et  sp.  nov. 

Another  new  genus  of  carnivores,  apparently  allied  to  Viver- 
ravus,  ii?  indicateil,  also,  bv  part  of  a  lower  jaw  containing  the 
last  two  premolars,  and  the  following  tubercular  molar.  The 
former  differ  from  the  corresponding  teeth  in  Viverravus,  in  the 
absence  of  the  upper  posterior  tubercle  on  the  third  lower  pre- 
molar. On  the  fourth  premolar,  this  tubercle  is  rudimentary. 
The  premolars  presserve^l  are  much  compressed,  and  have  the 
anterior  tuWrele  well  developed.  The  present  species  was 
somewhat  larger  than  V,  gracilis  Marsh. 

Meanremads. 

Longitudinal  extent  of  last  two  premolars  and  first  true 

lower  molar, 16*2  °'°'' 

Antero-|H>sterior  diameter  of  first  true  molar, 5-3 

Antenvposterior  diameter  of  last  premolar, 5*8 

^^^^sverse  diameter 2*7 

^^eight  above  jaw, 4-6 
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bove  specimen  was  found  by  Mr.  0.  Harger,  near 
Fork. 

Harpalodon  vu/pinus,  sp.  nov. 

er  species,  apparently  of  the  same  genus  as  the  preced- 
be  based  on  part  oi  a  lower  jaw  containing  the  last 

.  Some  other  isolated  specimens  probably  belong  to 
species.     The  premolar  has  the  posterior  tubercle  pro- 

ly  more  developed  than  in  H,  sylvestris,  and  is  conse- 

broader  at  this  part  of  the  crown.     The  main  cusp  is 

ited. 

?upied  by  four  lower  premolars, 22*  ™™' 

osterior  diameter  of  last  premolar, 7' 

se  diameter, 2'3 

,bove  jaw, 4'3 

jaw  below  last  premolar, 8* 

Qown  remains  of  this  species  were  found  by  Mr.  T.  G. 
September  last,  near  Henry^s  Fork,  Wyoming. 

Orotherium  Uititanum,  gen.  et  sp.  nov. 

enus  is  nearly  allied,  apparently,  to  Lophiotherium^  but 
om  the  known  remains  of  that  genus  in  having,  on  the 
)wer  premolar,  a  prominent  posterior  tubercle.  In  the 
3r  molars,  also,  the  anterior  inner  cone  is  slightly  bifid, 
:er  not  indicated  in  the  figures  given  of  the  correspond- 

of  LophioOierium.  The  present  species  is  based  on  a 
itire  lower  jaw,  with  the  last  six  teeth  in  perfect  pre- 
L  The  first  true  lower  molar  is  very  similar  to  the 
•emolar,  but  is  rather  broader  anteriorly.  The  second 
'  is  narrow,  with  the  anterior  cusp  compressed  and  sep- 
3m  the  posterior  tubercle  by  a  wide  notch.  The  lower 
emble  those  of  Lophioiherium  sylvaticum  Leidy,  as  well 

of  the  smaller  species,  L,  Ballardi  Marsh,  and  both 
cies  should  doubtless  be  placed  in  the  genus  Orotherium, 
tious  of  this  genus  to  Orohippus  cannot  at  present  be 
ermined. 

Measurements. 

inal  extent  of  last  six  lower  teeth, 47*  ""• 

[  last  three  lower  molars, 26*5 

3Sterior  diameter  of  last  lower  molar, 11*5 

3e  diameter, 5* 

osterior  diameter  of  fourth  lower  premolar, 7* 

se  diameter, 5* 

pecimen  was  found  near  Henry's  Fork,  Wyoming,  by 
ir,  in  September  last. 


i 
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Helalebia  hoops,  gen.  et  sp,  nov. 

Among  the  Tapiroid  mammals  in  the  Green  River  Tertiarr 
depasits,  there  are  two  distiact  ^nera  which  have  been  referred 
to  Lophiodon.  Dr.  Leidy  has  given  the  name  Hyrachyus  to  one 
of  theae,  which  embracea  the  larger  speciea,  and  the  other  may 
be  called  Helaletes.  In  this  genus  the  last  lower  molar  has  a 
third,  posterior  lobe.  The  apper  molars  rfcjeroble  those  of  Lo- 
phiodon The  astragalus  differa  widely  from  the  Tapiroid  type, 
and  in  its  narrow  oblique  condyles  is  very  similar  lo  that  of  the 
Kquidoa.  Other  characters  of  the  genus  will  be  given  in  the 
full  description. 

The  present  species  is  based  upon  the  greater  portion  of  a  skull 
with  teeth,  and  the  more  importaot  parts  of  the  skeleton  of  the 
same  individuaL  The  teeth  i^ree  in  size  with  those  of  Lophio- 
don nanus  Harsh,  but  the  last  upper  molar  has  a  amall  tubercle 
on  the  outer  margin  between  the  cusps,  which  appears  to  be 
wanting  in  the  type  specimen  of  the  latter  species.  There  are 
also  otaer  diiTerences  of  iinportanc&  Both  speeies  doabtlesa 
belong  to  the  same  genua. 

ihatttranieitti. 

Longitudinal  ext«ntof  last  three  lower  molars, 38'  ■"' 

Antero-posterior  diameter  of  last  lower  molar, 12'2 

Depth  oi'jaw  below  last  lower  molar, 21' 

Antero-posterior  diameter  of  last  upper  molar, U'l 

Transverse  diameter, 11*5 

Length  of  astragalus, 37' 

Width  between  condylar  ridges, U'G 

The  type  specimen  of  this  species  was  discovered,  liLst  au- 
tumn, at  Grizzly  Buttea,  Wyoming,  by  Mr.  G.  G.  Lobdell,  Jr. 

pAKT  ly. 

Paramys  rc^mstvs,  sp.  nov. 
A  new  rodent,  with  lower  molar  teeth  similar  to  those  of 
Paramys,  but  a  much  larger  animal  than  the  known  species  of 
that  genus,  is  represented  by  two  lower  molars,  and  oy  other 
less  important  remains.  An  isolated  incisor  probably  belongs 
to  the  same  species.  The  lower  molars  preserved  are  propor- 
tlonaliv  broader  than  those  in  Paramys  delicaius  Leidy,  and  the 
penultimate  molar  is  more  constricted  medially,  the  notch  on 
the  inner  side  being  nearly  as  deep  as  the  external  depression. 
The  known  remains  of  this  species  indicate  an  animal  somewhat 
larger  than  the  common  woodchuck  {Arctomys  monax  Gm.). 
Ifeaaurematt). 

Antero- posterior  diameter  of  last  lower  molar, 6'6  °"°' 

Transverse  diameter, 6*6 
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niin< 


Antero-posterior  diameter  of  penultimate  lower  molar, 6* 

Transverse  diameter, 6*4 

Transverse  diameter  of  incisor, 4* 

The  specimens  above  described  were  found  by  Mr.  G.  G. 
Lobdell,  Jr.,  and  Mr.  G.  M.  Keasbey,  in  the  lower  Tertiary  de- 
posits of  Grizzly  Buttes  and  Henry^s  Fork,  Wyoming. 

TiUomys  senexj  gen.  et  sp.  nov. 

A  small  rodent,  about  the  size  of  a  rat,  is  represented  in  our 
Wyoming  collections  by  a  fragment  of  a  lower  jaw  with  the 
second  molar  in  place,  and  apparently  by  some  other  uncharac- 
teristic remains.  The  crown  of  this  molar  is  somewhat  worn, 
but  was  composed  essentially  of  an  anterior  transverse  crest, 
and  a  pair  of  posterior  tubercles,  the  outer  and  larger  one  being 
connected  by  a  small  intermediate  tubercle  with  tne  outer  pos- 
terior angle  of  the  anterior  loba  The  jaw  in  the  present  species 
is  slender,  and  the  tubercle  at  the  anterior  margin  of  the  mas- 
seteric fossa  is  under  the  center  of  the  second  molar. 

Measwemenia. 

Space  occupied  by  four  lower  molars, 11'  °""' 

Antero-posterior  diameter  of  second  lower  molar, 2' 

Transverse  diameter, , 1  '8 

Depth  of  jaw  below  second  molar, 5* 

The  known  remains  of  this  species  were  found,  in  September 
last,  by  the  writer,  near  Henry  s  Fork. 

Tilhmys  parvusy  sp.  nov. 

A  smaller  species,  which  appears  to  agree  generically  with 
the  specimen  last  described,  may  be  established  on  a  lower  jaw, 
also  containing  the  second  molar.  In  this  tooth,  the  longitudi- 
nal connecting  ridge,  or  tubercle,  between  the  anterior  and  pos- 
terior parts  of  the  crown,  is  more  nearly  central.  The  masseteric 
fossa,  moreover,  terminates  in  front  just  at  the  anterior  margin 
of  the  last  lower  molar.  The  species  was  but  little  larger  than 
a  mousa 

Meaav/remenU. 

Length  of  lower  molar  series, 7*1  """• 

Antero-posterior  diameter  of  second  lower  molar, 1  '9 

Transverse  diameter,    rs 

Space  between  incisor  and  first  lower  molar, 3" 

This  specimen  was  found  by  Mr.  O.  Harger,  at  Grizzly  Buttes, 
Wyoming,  in  September  last. 

Taxymys  lucaris,  gen.  et  sp.  nov. 

The  existence  of  another  small  rodent,  evidently  belonging  to 
the  Sciuridae,  is  clearly  proved  by  a  fragment  of  an  upper  jaw, 
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witli  the  first  two  molars  in  position.  A  vertebra  found  with 
this  specimen  probably  belonged  to  the  same  animal,  which  was 
rather  smaller  than  the  common  flying  squirrel  {Pteromys  volu- 
cella  Desm.).  The  first  upper  molar  is  nearly  round,  and  dimin- 
utive, as  in  many  of  the  recent  squirrels.  The  second  upper 
molar  has  its  crown  composed  of  two  main  transverse  ridges, 
which  start  from  the  outer  side,  and  meet  in  a  prominent  inner 
and  slightly  bifid  tubercle.  There  are  two  low  ridges  outside 
of  the  main  pair,  which  meet  in  the  same  tubercla 

Measurements. 


ISEQ< 


Space  occupied  by  first  two  upper  molars, 2*5 

Antero-posterior  diameter  of  second  upper  molar, 1*7 

Transverse  diameter, 2- 

Transverse  diameter  of  first  upper  molar, 1* 

The  above  remains  were  found,  last  autumn,  by  the  writer, 
near  Henry's  Fork,  Wyoming. 

Sciuravus  parvidens,  sp.  no  v. 

A  diminutive  rodent,  with  molar  teeth  resembling  those  of 
Sciuravus,  is  evidently  represented  in  our  collections  by  a  lower 
jaw  containing  the  third  molar,  part  of  an  upper  jaw  with  the 
penultimate  molar,  and  several  isolated  teeth.  These  remains 
indicate  an  animal  about  half  the  bulk  of  Scmravtts  undans 
Marsh.  The  lower  incisor  is  more  convex  in  front  than  in  that 
species.  The  jaw  is  short  and  deep,  and  the  masseteric  fossa 
ends  in  front  under  the  second  molar.  The  upper  penultimate 
molar  has  three  fangs,  and  the  last  one  had  four. 

MeasurevierUs. 

Space  occupied  by  three  posterior  lower  molars, 6*2  ™°* 

Antero-posterior  diameter  of  third  lower  molar, 2' 

Transverse  diameter, 1*9 

Depth  of  jaw  below  second  lower  molar,   5*3 

Transverse  diameter  of  lower  incisor, 1'2 

The  I'cmains  atpresent  representing  this  species  were  found, 
last  autumn,  at  Henry's  Fork  and  Grizzly  Buttes,  Wyoming, 
by  Mr.  G.  M.  Keasbey  and  the  writer. 

Cohnymys  celer,  gen.  et  sp.  nov. 

Another  small  rodent,  abont  the  size  of  the  animal  last  de- 
scribed, is  indicated  by  several  isolated  molars,  which  differ 
widely  from  the  corresponding  teeth  in  any  genus  of  this  gmup 
from  the  Green  River  Tertiary  deposits.  A  typical  upper  mo- 
lar in  perfect  condition  has  its  crown  composed  of  four  princi- 
pal cusps,  regularly  arranged  in  two  pairs.  The  outer  pair  are 
entirely  separated  from  each  other.  The  inner  pair  are  very 
near  together,  and  have  their  summits  turned  toward  the  center 
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of  the  tooth.  The  two  anterior  cusps  are  connected  by  an  out- 
ward curving  basal  ridga  A  similar  ridge  passes  from  the 
outer  posterior  cone  inward,  but  does  not  reach  the  opposite 
cusp.  This  upper  molar,  which  is  apparently  the  penultimate, 
measures  24'"""  in  antero-posterior  diameter,  and  2'1"^™*  in  trans- 
verse diameter.  The  known  remains  of  the  present  species  were 
found,  last  autumn,  near  Henry's  Fork,  by  Mr.  H.  JD.  Ziegler 
and  Mr.  A.  B.  Mason,  of  the  Yale  party. 

Apaiemys  hellus^  gen.  et  sp.  nov. 

A  new  and  peculiar  genus  of  very  small  mammals  may  be 
based  on  part  of  a  lower  jaw,  with  the  penultimate  molar  in 
place,  and  well  preserved.  Extending  through  the  base  of  the 
specimen  is  a  portion  of  a  large  rodent-like  incisor.  The  molar 
is  of  the  insectivore  type,  and  the  animal  should  probably  be 
placed  witli  that  group.  The  crown  of  this  tooth  has  its  poster- 
ior half  deeply  excavated,  with  the  outer  rim  of  the  cavity  the 
highest,  and  rising  at  the  inner  posterior  angle  into  a  pointed 
tubercle.  The  anterior  half  of  the  crown  consists  of  a  transverse 
pair  of  high  pointed  cusps,  opposite  each  other,  and  connected 
together.  An  elevated  basal  ridge,  rising  into  a  sharp  inner 
cusp,  completes  the  anterior  margin.  The  large  incisor  is  oval 
in  transverse  section,  and  extends  under  all  tne  molars.  The 
animal  was  about  as  large  as  a  mole. 

Measurem/enls. 

Antero-posterior  diameter  of  penultimate  lower  molar,. . .  .2*3  ""*• 

Transverse  diameter, 2* 

Depth  of  jaw  below, 5*6 

Transverse  diameter  of  incisor, 1*6 

This  unique  specimen  was  found,  last  September,  near  Henry's 
Fork,  by  Mr.  G.  G.  Lobdell,  Jr. 

Apatemys  hellulus^  sp.  nov. 

Another  diminutive  mammal,  apparently  of  the  same  genus, 
but  somewhat  smaller  than  the  species  last  described,  is  well 
represented  by  a  lower  jaw  with  the  last  three  molars  perfect 
Tne  penultimate  molar  agrees  in  the  composition  of  its  crown 
with  that  of  A,  heUus,  In  the  last  lower  molar,  the  outer  border 
of  the  posterior  cavity  forms  a  slightly  curved  longitudinal 
ridge,  which  terminates  in  a  small  tubercle.  The  molar  teeth 
are  narrow,  and  the  jaw  compressed.  The  cavity  for  the  incisor 
extends  below  all  the  lower  molars. 

Meaaurements. 

Space  occupied  by  last  three  lower  molars, 6*  '"*"• 

^tero-posterior  diameter  of  last  lower  molar, 2*1 

Transverse  diameter, 1  -6 

Antero-posterior  diameter  of  penultimate  lower  molar, . . .  .2' 
Transverse  diameter,  .... 1*7 
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This  interesting  fossil  was  found,  last  autamn,  near  Heniy^s 
Fork,  Wyoming,  by  Mr.  G;  M.  Keasbey. 


U't-ll'li 


angfuHdma^  sp.  nov. 

A  very  small  insectivore,  which  appears  to  belong  to  tiie 
ffenus  Enlomaoodonj  left  its  remains  in  the  Green  Biver  Tertiaiy 
deposits,  and  our  collections  contain  a  left  lower  jaw,  with  tlie 
last  premolar  and  the  two  following  molars  in  good  preeervi- 
tion.  The  molars  a^ree  essentially  m  the  composition  of  their 
crowns  with  those  of  K  mintUus^  but  the  three  anterior  com 
are  nearer  together,  and  the  one  in  front  is  neariy  as  high  as  toe 
others.  The  specimen  indicates,  also,  a  smaller  animal  than  the 
type  of  that  species.  The  jaw  is  much  compressed,  and  the  teeth 
are  very  narrow.  The  last  premolar  resembles  the  adjoining 
molar,  but  has  the  anterior  cusp  rudimentary. 


Space  occupied  by  last  four  lower  teeth, 5*5  ""' 

Antero-posterior  oiameter  of  last  lower  premolar, 1  "6 

Antero-posterior  diameter  of  penultimate  lower  molar,. ...  1*7 

Transverse  diameter, 1* 

Depth  of  jaw  below  last  lower  molar, 2*5 

This  specimen  was  found  by  Mr.  J.  J.  DuBois,  at  Grizzly 
Buttes,  W  yoming,  in  September  of  last  year. 

IVtacodon  grandis,  sp.  nov. 

The  genus  Triacodon  was  established,  by  the  writer,  on  a 
single  lower  premolar,  which  differed  widely  from  any  corres- 
ponding tooth  then  known.  The  species  thus  represented  was 
called  T.  fallax,  and  its  possible  marsupial  affinities  were  sug- 
gested.* The  researches  of  the  Yale  party  during  the  past 
year,  in  the  same  region  where  the  ori^nal  specimen  was  found, 
have  added  something  to  the  knowledge  of  this  peculiar  mam- 
mal, but  much  still  remains  to  be  ascertained.  A  portion  of  a 
skeleton  was  found  at  Grizzly  Buttes  by  the  writer,  and  fortu- 
nately the  peculiar  premolar  was  in  the  jaw,  although  the  other 
teeth  were  too  imperfect  for  study.  The  jaws  were  stout,  but 
not  deep,  and  the  lower  border  was  convex  longitudinally. 
There  was  a  prominent  canine,  and  the  last  lower  molar  was 
tubercular.  The  skull  had  a  distinct  sagittal  crest  The  hu- 
merus was  slender,  and  curved  as  in  the  otter.  The  animal  was 
probably  a  carnivorous  marsupial. 

A  second  and  much  larger  species  of  the  genus  is  represented 
by  the  corresponding  right  lower  premolar,  in  excellent  preser- 
vation. It  agrees  closely  in  its  main  features  with  the  type 
specimen  of  7!  fallax,  but  has  a  distinct  antero-external  basal 

•  This  Journal,  vol.  ii,  p.  123,  August,  1871. 
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ridga  It  indicates,  moreover,  an  animal  several  times  the  bulk 
of  that  species.  Probably  other  remains  of  both  species  were 
found  by  our  party,  but  have  not  been  recognized  as  pertaining 
to  this  genus. 

Measurements. 

Antero-posterior  diameter  of  last  lower  premolar, 5*  ™"* 

Transverse  diameter, 5*8 

Height  of  anterior  cusp  above  jaw, 6*2 

Height  of  exterior  cusp  above  jaw, 8* 

This  rare  specimen  was  found,  by  Mr.  O.  Harger,  in  the  shale 
near  Henry's  Fork.  The  geological  horizon  was  essentijJly  the 
same  as  at  Grizzly  Buttes. 

Triacodon  nanus^  sp.  nov. 

A  much  smaller  species,  apparently  not  more  than  one-half 
the  bulk  of  T.Jallax,  is  indicated,  likewise,  by  the  peculiar  last 
lower  premolar.  This  tooth,  like  that  in  the  other  species,  has 
two  fanes.  There  is  a  faint  basal  ridge,  and  the  three  pointed 
cusps,  that  give  the  crown  its  character,  are  more  nearly  of 
equal  size  than  in  either  of  the  larger  species. 

Measurements. 

Antero-posterior  diameter  of  last  lower  premolar, 3* 

Transverse  diameter, 3' 

Height  of  anterior  cusp  above  jaw, 2*5 

Height  of  exterior  cusp  above  jaw, 4* 

This  specimen,  the  only  remains  of  the  species  at  present 
known,  was  discovered  at  Grizzly  Buttes,  in  September  last,  by 
Mr.  G.  G.  Lobdell,  Jr. 

Euryacodon  lepidus^  gen.  et  sp.  nov. 

A  small  mammal,  doubtless  an  insectivore,  is  represented  by 
a  fragment  of  an  upper  jaw  containing  the  last  two  molars  in 
perfect  condition.  Our  collections  contain  other  characteris- 
tic fossils  which  appear  to  be  specifically  identical  with  this 
specimen.  The  teetn  preserved  aeree  neariy  in  the  composition 
of  their  crowns  with  the  molars  described  by  Dr.  Leidy  under 
the  name,  Pabeacodoji  verus,  but  each  has  its  inner  margin  pro- 
duced into  a  small  tubercla  In  the  penultimate  upper  molar, 
this  tubercle  is  especially  prominent  The  outer  margin,  also, 
of  these  molars  has  but  a  single  faint  indentation  between  the 
external  cusps.  Both  teeth  are  surrounded  by  a  distinct  basal 
ridga  The  specimens  preserved  indicate  an  animal  about  as 
large  as  a  weasel. 


mm. 


Measurements. 

mm. 


Space  occupied  by  last  two  upper  molars, 4 '3 

Antero-posterior  diameter  of  penultimate  upper  molar,. . .  .2*4 

Transverse  diameter, 3*8 

Transverse  diameter  of  last  upper  molar, 3*2 
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The  type  specimen  of  this  species  was  found,  laat  aatamn,  at   < 
Grizzly  Buttes,  by  tbe  writer,  and  other  remairta  were  discoT- 
ered,  at  the  same  locality,  by  Mr.  O.  Harger. 

PaUeacodon  vagus,  Bp.  no  v. 
Another  email  insectivore,  aboat  the  same  size  aa  the  preced- 
ing species,  is  clearly  indicated  by  part  of  an  npper  jaw,  with 
the  last  tbreo  molars  perfect    In  this  s[>ecimen,  the  last  tm  | 
upper  teeth  are  broader  traosTersely  than  in  Euryaeodon  Upidiit, 
ana  both  lack  the  inner  tubercla    The  outer  mai^in  of  fte  ' 
crown  and  the  basal  ridge  are  very  similar  in  tbe  corresponding 
teeth  of  the  two  specimens.     The  first  upper  true  molar  has  ei- 
teroally  a  deeper  notch  between  the  outer  cusps,  and  at  each 
external  angle  the  basal  ridge  rises  into  a  small  tubercl&     It  is 
possible  that  the  small  tooth  mentioned  by  Dr.  Leidy,  in  hia 
description  of  Paiaacorion  verus,  may  prove  to  belong  to  tie 
present  species.    In  thiit  case  his  speciEc  name  may  be  retained 
for  the  animal  represented  by  the  larger  tooth,  which  mainly  it 
described,  and  tbe  smaller  species  may  bear  the  name  here  given. 

Jftatttrrmmtt. 

Space  occupied  by  last  three  upper  molars, •/.»••, 

Antero-posterior  diameter  of  penultimate  upper  molar, 27 

Transverse  diameter, 4- 

Antero-poBterior  diameter  of  last  upper  molat;, 21 

Transverse  diameter, 3-8 

The  only  known  remains  of  this  species  were  found  at 
Grizzly  Buttes,  Wyoming,  by  Mr.  F.  Mead,  Jr. 
Tale  College,  New  Hbtbd,  August  16th,  1872. 

Postscript 

The  original  B[iecimens  of  the  fossil  mammals  described  by 
the  writer  in  this  and  preceding  articles  are  carefully  pre- 
served in  the  Muaeum  of  Yale  College,  The  dates  of  publica- 
tion of  the  principal  papers  are  as  follows :  The  two  articles  in 
Volume  IL  of  this  Journal  (pages  35^4,  and  120-127,  July  and 
August,  1871)  were  published  together,  in  pamphlet  form,  and 
widely  distributed,  June  21st,  1871.  The  species  there  described, 
therefore,  bear  that  date.  The  various  parts  of  the  present  com- 
munication were  issued  separately  aa  follows : — Fart  I,  July 
22d,  1872 ;  Part  II,  August  7tli,  1872  ;  Part  III,  August  13tb, 
1872 ;  and  Part  IV,  August  17tb,  1872,— the  date  of  publica- 
tion being  printed  on  each  pamphlet 

The  brief  descriptions  here  given  are  merely  preliminary  to 
a  full  description,  with  illustrations,  now  in  preparation. 

Tale  College,  August  ISth,  1ST3. 
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IT.  XXIX. —  On  certain  Relations  between  the  viean  motions  of 
'he  Perihelia  of  Jupitei',  Saturn,  Uranus  and  Neptune;  by 
Professor  Daniel  Kirkwood. 

[n  Mr.  Stockweirs  able  memoir*  on  the  secular  variations  of 
5  planary  orbits,  it  is  shown  that  the  mean  motions  of  the 
•ihelia  of  Saturn,  Uranus  and  Neptune  are  as  follows  : 

Saturn 22".4608479 

Uranus,t 3.7166075 

Neptune, 0.6166849 

Denoting  these  values  by  N^'>,  N^",  and  N^>",  respectively, 
!  have, 

Nn_7Nvii4-6Nvni  =  0".  1447048,    .     .     .     (1) 

\  these  quantities  depend  upon  the  masses  of  the  planets,  some 
which  are  not  very  accurately  known,  it  seems  probable 
It  the  second  member  of  (1),  if  precisely  determined,  would 
0.  The  influence  of  the  small  planets,  Mercury,  Venus,  the 
irth  and  Mars,  is,  in  this  case,  quite  inconsiderable ;  no  prob- 
le  change  in  the  received  masses  of  Uranus  and  Neptune 
mid  reduce  the  second  member  of  (1)  to  0 ;  and,  finally,  the 
iss  of  Jupiter  is  more  accurately  determined  than  that  of  any 
ler  planet  There  remains,  then,  the  large  planet  Saturn,  the 
ieived  value  of  whose  mass  is  derived  from  Bessel's  measure- 
mta  of  the  elongation  of  the  sixth  satellita  The  value  of 
is  element,  according  to  the  Konigsberg  astronomer,  is 
6".55.  Now,  it  will  be  found  that  a  value  of  177".  17  (which 
ceeds  Bessel's  by  0"'.62),  corresponds  to  a  mass,  3  4  J^y,  which 
bstituted  in  StockwelFs  formulas  renders  the  equation 

Nvi_7Nvii  +  6Nviii=0,     .      .     .      (2) 

3urately  true.  The  difference,  0".62,  is  less  than  that  between 
e  determinations  of  the  equatorial  diameter  of  Saturn  by  the 
st  observers. 

If  equation  (2)  be  exact,  the  corresponding  relation  between 
g  mean  longitudes  of  the  perihelia  will  be  obvious,  and  it 
1st  follow  that  the  perihelia  of  no  three  ofOiefour  outer  planets 
ri  simultaneously  have  the  same  mean  longitude.  In  short,  if 
,  L^»,  L^"  and  L^'",  represent  the  mean  longitudes  of  the 
rihelia  of  Jupiter,  Saturn,  Uranus  and  Neptune,  respectively, 

*  Smithsonian  Contributions,  Washington,  1872. 

f  The  mean  motion  of  Jupiter's  perihelion  is  precisely  the  same. 

1m.  Jour.  Sci.— Third  Series,  Vol.  IV,  No.  21.— September,  1872. 
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their  mutual  relations  will  probably  be  expreaaed  by  tiie  follow- 
ing equations : 

LTi_7L™+6L'^  =  180%      ...    (8) 


SCIENTIFIC   INTELLIGBNCB. 

L  Chskistbt  and  Physigs. 

1.  On  the  ammanifical  plaHnum  bases, — GiSsrm  has-  ocmtinned 
his  elaborate  investigation  of  the  ammoniacal  compoiindB  of  pliti- 
nam,  and  has  described  a  number  of  new  compounds  contamiDg 
aniline  and  ethylamin.  By  heating  chloride  of  plato-semi-diamiDd 
in  a  sealed  tube,  with  weak  alcohol  and  an  excess  of  aniline,  a  wUts 
crystalline  powder  is  obtained,  which  has  the  f(Hinnla, 


^  I  2(Nrf,C,)  [  ^»- 


This  salt  gives  with  chlorplatinite  of  potassium  a  volaminoos  rose- 
colored  precipitate  corresponding  to  the  green  salt  of  Magnos,  and 
having  the  formula, 

p.  J2NH..C1.C1      )p, 

"]2(NH,Ce)Cl.Cip^- 

The  nitrate  and  oxalate  of  this  base  have  respectively  the  formulas, 

P*  ]  2(?f^,C.)  }  2^03,  and  Pt  j  ^NHs^c,)  }  C.O,+eH«. 

By  evaporating  the  chloride  of  this  base  with  aniline,  water,  and 
a  little  alcohol,  a  new  chloride  is  obtained  containing  one  atom 
less  of  aniline,  and  having  the  formula, 


p^  «  2NH,      )  ci 


By  the  action  of  iodine  upon  the  first  chloride  ammonia  is  disen- 
gaged, and  a  yellow  powder  having  the  formnla, 


r.{gi;c.|'.. 


is  precipitated.     We  may  consider  this  iodide  as  derived  from  the 
chloride. 


p   (  NH,  .  NH,  )  o, 


by  the  loss  of  the  two  external  molecules,  NHg  and  NHyCg. 
tfnder  the  same  circumstances  the  isomeric  chloride, 

*  In  the  memoir  already  referred  to,  Mr.  Stockwell  has  shown  that  whfle  "tiie 
mean  angular  distance  between  the  perihelia  of  Jupiter  and  Uranus  is  exactly 
ISC',"  the  longitude  of  each  may  differ  fVom  its  mean  place  to  a  considerable  ex- 
tent   In  fact,  the  present  angular  distance  is  but  157^. 
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T>,  {  NH,  .  NH,C,  )  p, 


iisengages  tbe  two  external  molecules  of  aniline,  and  we  have 
odide  of  platosamin, 

PJNH3.I 

rhe  second  chloride  above  mentioned  unites  also  with  platinons 
ihloride  to  form  a  part  which  crystallizes  in  very  brilliant,  thin, 
nicaceous  scales. 

When  aniline  is  dissolved  in  a  concentrated  boiling  solution  of 
olphate  of  plato-semi-diamine,  colorless  prismatic  crystals  are 
obtained  having  the  formula, 


p*{3nS:cJso,. 


►Then  chloride  of  platosamine,  Pt(NH3  .  Cl)j„  is  heated  with  ani- 
ine,  water,  and  a  little  alcohol,  thin  nacreous  scales  are  obtained, 
rhich  have  the  formula, 


■■■I  nS:  :??;?:}  o> 


s> 


ind  are  isomeric  with  the  salt  first  described.  The  chlorplatinite 
>f  this  compound  is  a  slightly  soluble,  crystalline,  buffcolored 
>owder.  The  author  describes  also  the  normal  sulphate  and 
titrate. 

By  boiling  the  chloride  of  plato-semi-diamine  with  ethylamine, 
I^leve  obtained  a  chloride  having  the  formula. 


■^I^^JcJc... 


iFhich  gives  a  beautiful  green  chlorplatinite.  The  solution  of  the 
ihloride  gives  with  potassic  iodide  a  precipitate  having  the 
formula, 

rhe  isomeric  chloride, 


p,jNH,  .NH,C,  )p. 


8  easily  obtained  by  the  action  of  ethylamine  upon  chloride  of 
platosamine.  It  is  much  less  soluble  than  the  compound  first 
lamed.  It  yields  a  slightly  soluble,  green  chlorplatinite,  and  a 
normal  sulphate  with  6  atoms  of  water  of  crystallization. — BtilL 
ie  la  Societi  Chimique^  1872,  p.  294.  w.  g. 

2.  On  compounds  containing  phosphorus  and  platinum, — 
k^HUTZKNBERGEB  has  Continued  his  investigations  of  the  very 
remarkable  compounds  of  platinous  chloride,  and  has  arrived  at 
interesting  results.  When  the  compound,  P(C2H50)3PtCl2,  ife 
treated  with  ammonia,  it  becomes  fluid  and  gradually  dissolves, 
rhe  solution  gives  on  evaporation  the  chlorhydrate  of  a  new  base, 

PN(C,H50)3H,Pt .  NjH^  .  2HC1. 
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The  compound,  P,(C2H,P),PtCl2y  alflo  diasolveB  in  anmunni, 
and  yieldfi  the  chlorhydrate, 

P2(0aH,0)^Pt .  N^H^  .  2HCL 

The  methyl  compounds,  P(CH,0),PtCl,  and  Pt,(CH,0)«FtCI„ 
yield  similar  compounds.  It  appears  probable  that  the  radical 
P(C2H^0)3Pt  may  be  isolatea  by  the  action  of  sine  <»i  the 
chloride.    All  of  these  compounds  are  derived  from  the  bodiei, 


and  P^rC^HjOkPtCls,  are   formed.— ^^ricAfo  der   DetOmim 
Chem.  Gres,j  Jdkrgang  v,  p.  890.  w.  a. 

d.  (hi  the  spec^  Iieat  of  carbon. — H.  F.  Webbb  has  Te4ete^ 
mined  the  specific  heat  of  carbon  in  the  form  of  diamond  and  of 
graphite.  The  author  employed  the  ice  calorimeter  of  Bimaen, 
and  arrived  at  the  remarkable  resnlt  that  the  specific  heat  of  cariMB 
increases  with  the  temperature  more  rapidly  tnan  that  of  any  other 
known  substance.  In  the  case  of  diamond  it  ia  trebled  for  an  in- 
crease of  temperature  from  0^  to  200°  C.  The  author's  experiments 
were  made  with  two  diamonds  weighing  respectively  447  and  634 
milligrammes.  Preliminary  trials  ^owed  that  these  had  the  same 
specific  heats  within  the  limits  of  the  necessary  errors  of  experi- 
ment. For  twelve  different  temperatures  almost  uniformly  dis- 
tributed in  the  interval  from  0°  to  200°  thirty-three  observationB 
were  made.  These  gave  for  the  mean  specific  heat  the  parabolic 
formula : 

Co  - 1  =  0-0947 +0-000497t  -  0-00000012t2'. 

By  means  of  this  formula  the  true  specific  heat,  or  the  quantity  of 
heat  necessary  to  raise  the  temperature  of  the  imit  of  weight  one 
degree  at  t°,  may  be  determined,  since  we  have : 

t.  Co-t= /'Vt.  dt 

o 

and  it  =  0-0947+0-000994t  -  O-OOOOOOSGt^. 

This  gives  the  following  values  for  diamond : 

0°  y  =1  0-0947 

60°  /  =  0-1435 

100°  /  =  0-1 905 

160°  y  =  0-2367 

200°  y  =  0-2791 

In  the  case  of  graphite  the  author,  from  want  of  snow,  made  only 
two  determinations.     These  gave  the  equations : 

Co-t  =  0-1167-f  0-0008t  ) 
Atz=0-11674-0-0016t  J 

These  results  explain  the  discrepancies  in  the  determinations  of 

the  specific  heats  of  carbon  by  other  physicists.     They  show  that 

diamond  at  about  626°  C.  would  have  a  specific  heat  of  0*52  or 

6*3 

— ,  as  the  law  of  Dulong  and  Petit  requires.     Weber  considers 
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his  result  as  furnishing  a  strong  argument  against  the  law  in 
question,  as  in  his  opinion  the  law  loses  all  chemical  and  physical 
value  as  soon  as  it  is  shown  to  depend  essentially  upon  the  tem- 
perature. The  author  promises  a  further  investigation  of  this 
subject,  which  is  of  great  importance  for  the  relation  between  true 
specific  heat  and  internal  work. — Berichte  der  Deutschen  Chem. 
(res.y  Jahrgang  v,  p.  303.  w.  <;. 

4.  Whut  deterudiies  Molecular  Motion? — Jlie  F\jindameutal 
Problem  of  Nature  ;  by  Mr.  James  Croll. — Mr.  CroU  closes  an 
article  of  26  pages  in  the  July  number  of  the  Philosophical  Maga- 
zine with  the  following  remarks : 

"  Molecular  physics  has  made  great  advance  of  late  years ;  but  it 
has  not  made  much  advance  in  that  particular  direction  which 
can  be  of  service  in  explaining  how  molecular  motion  in  organic 
nature  is  determined.  It  is  thought,  however,  by  the  advocates 
of  the  physical  school  that  although  at  present  we  are  unable  to 
explain  how  organic  nature  can  be  built  up  by  the  play  of  the 
ordinary  chemical  and  physical  forces,  yet  at  some  future  day, 
when  we  shall  have  come  to  know  far  more  of  molecular  physics 
than  we  do  at  present,  then  we  may  be  able  to  ex]>lain  the  mys- 
tery. This  is  the  cherished  hope  of  modem  evolutionists,  and  of 
the  advocates  of  the  physical  theory  of  life.  But  it  is  a  mental 
delusion,  a  dream  which  will  never  be  realized.  A  little  consi- 
deration might  satisfy  any  one  that  chemistry  and  physics  will 
never  explain  the  mystery  of  nature. 

The  terms  light,  heat,  electricity,  magnetism,  &c.,  are  different 
names  which  we  apply  to  different  modes  of  molecular  motion ; 
and  it  is  true  that  at  present  little  is  known  regarding  the  nature 
of  these  modes  of  motion  ;  but  notwithstanding  this  we  have 
reason  to  conclude  that,  although  we  knew  all  that  absolutely  can 
be  known  regarding  them,  yet  it  woidd  not  afford  us  any  explan- 
ation of  the  cause  of  the  aetermination  of  molecular  motion  in 
organic  nature. 

The  character  of  a  cause  may  often  to  some  extent  be  judged 
indirectly  from  the  nature  of  the  effects  produced.  It  is  from  the 
effects  produced  that  we  know,  for  example,  that  that  mode  of 
molecular  motion  called  heat  differs  from  that  mode  called  elec- 
tricity. The  effects  do  not  as  yet  enable  us  to  determine  wherein 
this  difference  consists  ;  but  it  enables  us  to  conclude  with  certainty 
that  there  is  a  difference.  Effects  which  are  electrical  we  refer  to 
that  unknown  mode  of  motion  called  electricity.  We  do  not 
refer  them  to  that  mode  called  heat,  because  the  effects  are 
different  from  those  which  we  ascribe  to  heat.  Each  mode  of 
motion,  each  energy,  is  distinguished  by  the  effects  which  it  pro- 
duces. Determination  of  the  molecules  of  matter  according  to  the 
objective  idea  of  a  plant  or  an  animal,  is^an  effect  which  is  con- 
stantly taking  place  in  organic  nature.  To  attribute  this  effect  to 
electricity,  for  example,  would  be  far  more  absurd  than  to  attri- 
bute electrical  effects  to  gravitation  or  to  heat ;  for  the  difference 
between  this  effect   and  any   electrical  effect  is  immeasurably 
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mater  than  between  electrical  effect  and  any  eflleeto  prodnoedbj 
neat,  or  by  grayitation,  or  by  any  other  of  the  foroes  of  inorgaiiie 
nature.  It  would  be  &r  more  rational  to  attribute  all  the  phe- 
nomena of  the  inorganic  world,  say,  to  heat,  than  to  attribute  the 
determination  of  molecular  motion  in  the  oxganio  world  to  chem- 
ical and  physical  enermes. 

It  must  now  be  obyious  that  nothing  which  can  be  detenniiied 
by  the  comparative  anatomist,  no  biological  researches,  no  mieros- 
copic  investigations,  no  considerations  regarding  natural  eelectum 
or  the  survival  of  the  fittest,  can  solve  the  ffreat  problem  of  nature; 
for  it  lies  in  the  background  of  all  sucn  investigationA.  Tlie 
problem  is  molecular,  r  rom  the  hugest  plant  and  animal  on  the 
globe  down  to  the  smallest  organic  spew  visible  imder  the  od- 
croscope,  all  have  been  built  up  molecule  by  molecule ;  and  the 
problem  is,  to  explain  this  molecular  process.  If  one  plant  or  ani- 
mal differs  from  another,  or  the  parent  from  the  child,  it  ia  because 
in  the  building-up  process  the  determinations  of  molecular  motioB 
were  different  in  the  two  cases;  and  the  true  and  fundamental 

f  round  of  the  difference  must  be  sou^t  for  in  the  cause  of  the 
etermination  of  molecular  motion.  Here  in  this  r^on  the  doc- 
trine of  natural  selection  and  the  struggle  for  existence  can  afford 
no  more  light  on  the  matter  than  the  fortuitous  concourse  of 
atoms  and  uie  atomical  philosophy  of  the  ancients.  This,  I  trust, 
will  be  rendered  still  more  evident  when  we  come  to  examine  in 
detail  the  arguments  advanced  by  modern  evolutionists  in  support 
of  thier  fundamental  hypothesis,  'that  the  whole  world,  hving 
and  not  living,  is  the  result  of  the  mutual  interaction,  according 
to  definite  laws,  of  the  forces  possessed  by  the  molecules  of  which 
the  primitive  nebulosity  of  the  universe  was  composed.'  ** — Phil 
Mag.^  xliv,  24. 

5.  On  tfie  Separation  of  YUria  and  Ceria  from  Zirconia  and 
Iron ;  by  J.  W.  Taylor,  F.G.S.  (From  a  letter  to  one  of  the 
Editors.) — The  solution  in  HCl  is  precipitated  by  ammonia,  and 
boiled  for  a  few  minutes.  An  excess  of  oxalic  acid  b  then  added 
and  the  whole  boiled  for  half  an  hour ;  the  zirconia  and  iron  will 
be  dissolved  and  the  yttria  and  ceria  remain  as  a  white  precipitate, 
which,  washed,  dried  and  ignited,  is  redissolved  in  HCl,  again  pre- 
cipitated, and  the  moist  precipitate,  dissolved  in  as  little  acia  as 
possible,  dropped  into  a  strong  solution  of  carbonate  of  ammonia 
— which  will  dissolve  the  yttria  precipitate.  A  slight  trace  of  t^ria 
will  also  be  dissolved  ?  which  may  be  eliminated  oy  repeating  the 
process. 

XL  Geology  and  Natural  History. 

1.  On  Quebec  and  Carboniferous  Rocks  in  the  Teton  Hange ; 
by  Prof  F.  H.  Bradley,  of  the  Hayden  Exploring  Expedition, 
from  a  letter  to  J.  D.  Dana,  dated  Teton  Caiion,  Idaho,  July  26th, 
1872. — I  have  to  report  the  discovery  of  a  few  small  trilobites, 
unmistakably  of  Quebec  Group  ace,  m  the  base  of  the  mass  of 
limestones  which  overlie  the  centrski  granites  of  this  Teton  range. 
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The  limestones  are  continuous  up  to  the  topical  Carboniferous, 
full  of  Productus^  ZaphrentiSy  etc.  That  which  I  can  consider  as 
plainly  Quebec  Group  is  about  400  feet  thick ;  partly  argillaceous, 
blue  and  mostly  pebbly ;  then  follows  about  600  feet  of  a  drab  to 
pale  buff,  somewhat  vesicular,  magnesian  limestone,  entirely  with- 
out fossils,  which  I  am  obliged  to  consider,  from  both  character 
and  position,  as  representing  the  "  cliff"  limestone  of  the  Missis- 
sippi valley ;  and  this,  I  believe,  is  immediately  overlaid  by  true 
Carboniferous,  though  the  direct  connection  was  covered  where  I 
made  the  section.  From  the  character  of  the  section  here,  and 
its  similarity  to  that  seen  in  Malade  valley,  I  am  led  to  expect 
similar  results  there  when  I  work  out  its  details,  and  that  this 
same  Quebec  Group  age  must  finally  be  made  to  include  the  basal 
portion  of  the  so-called  Carboniferous  limestone,  through  a  large 
portion  of  this  region.  The  fossils  are  ho  few  and  fragmentary, 
at  least  in  most  places,  that  it  is  not  surprising  that  they  have 
been  overlooked  heretofore.  But  for  having  suspected  the  age 
from  the  character  of  the  rock,  I  should  probably  have  given  up 
the  search  long  before  finding  the  fossils. 

We  start  to-morrow  for  the  ascent  of  the  Grand  Teton,  and  are 
sanguine  of  success,  although  the  profile  of  the  easiest  slope 
shows  in  one  part  a  rise  of  03°,  and  most  of  the  peak  reaches  48°. 

Dr.  Ilayden  is  said  to  have  left  Bozeman  on  the  17th  inst.  We 
hope  to  meet  him  in  the  Firehole  Basin  about  August  20th. 

2.  On  Changes  of,  Climaie  during  the  GUicial  epoch;  by 
James  Gbikie,  F.R.S.E.  (Geol.  Mag.,  vols,  viii,  ix.)  Professor 
Geikie  discusses  in  this  memoir  of  70  pages  the  Scottish  glacial 
deposits  and  their  relation  to  those  in  England  and  Ireland,  the 
valley  grounds  and  cave  deposits  of  England,  the  later  glacial 
deposits  of  Switzerland  and  Italy,  and  adopts  Mr.  CrolPs  theory 
of  the  physical  cause  of  changes  of  climate,  that  referring  it  to  the 
eccentricity  of  the  earth's  orbit. 

The  following  are  the  conclusions,  which  the  author  considers 
as  established. 

^1.)  That  at  some  distant  period  (according  to  Mr.  CroU's  calcu- 
lations, upward  of  200,000  years  ago),  owing  to  the  eccentricity 
of  the  earth's  orbit  being  at  a  high  value,  and  the  winter  of  our 
hemisphere  happening  to  fall  in  aphelion,  a  climate  of  intense 
severity  covered  Scotland,  Ireland,  and  the  major  portion  of  Eng- 
land with  a  massive  sheet  of  snow  and  ice.  At  the  same  time 
similar  conditions  characterized  the  mountainous  and  northern 
regions  of  Europe  and  America. 

(2.)  That  the  greater  contours  of  the  land  were  assumed  at  a 
much  earlier  date  than  the  advent  of  the  Glacial  epoch,  and  there- 
fore guided  the  flow  of  the  ice  from  the  high  grounds  to  the  sea. 

(3.)  That,  while  the  ice  moved  along  the  line  of  the  principal 
valleys,  it  yet  disregarded  minor  undulations  of  the  ground,  and 
overflowed  considerable  hills. 

(4.)  That  the  till,  " grundmoranen,"  and  "moraines  profondes" 
are  the  materials  which  gathered  underneath  the  ice, — the  general 
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prevalence  of  smoothed  and  striated  stones  showing  that  the  de> 
posits  referred  to  cannot  have  been  derived  from  rocks  above  tke 
level  of  the  met  de  glac&, 

(5.)  That  one  result  of  glacial  action  was  the  eroaon  of  rods- 
basins. 

(6.)  That  intense  glacial  conditions  were  interrvpted  by  inte^ 
venine  periods  characterized  hj  mild  and  even  gemal  dhnates,-* 
the  changes  of  climate  being  mdireotlv  due  to  the  preoeasioD  of 
the  equinoxes,  which,  daring  a  period  of  extreme  eooentricitT, 
woald  graduidly  caase  the  ice-cap  to  shift  firom  one  pole  to  ue 
other. 

(7.)  That  these  interglacial  climates  are  represented  in  Scotland 
bv  stratified  deposits  intercalated  with  the  tul,  and  containinff  in 
places  mammalian  and  vegetable  remains ;  in  England  by  be&  in 
the  boulder-clay,  and  by  some  portions  of  the  vuley-ffravelB  sod 
cave-deposits,  with  paleolithic  impalements  and  bones  en  the  eztsnet 
mammalia ;  on  the  continent  by  similar  deposits ;  in  America  by 
layers  of  peat,  with  buried  trees  and  extinct  mammalia. 

(8.)  That  the  intermingling  of  northern  and  southern  forms  in 
the  caves  and  river-gravels  points  rather  to  former  oscillations  of 
climate  than  to  periods  of  strongly-contrasted  summers  and  win- 
ters,— ^the  arctic  mammalia  indicating  both  the  gradual  approach 
and  the  disappearance  of  glacial  conditions ;  the  southern  forms 
being  memorials  of  genial  climatal  conditions  by  which  the  cold 
or  glacial  periods  were  interrupted. 

(9.)  That  the  earlier  stage  of  the  Glacial  epoch  embraced  several 
cold  and  warm  periods ;  but  how  many  the  mutilated  nature  of 
the  records  does  not  at  present  enable  us  to  say. 

( 10.)  Tliat  the  climate  of  the  earlier  cold  periods  was  more  severe 
than  it  became  in  subsequent  glacial  periods  of  the  same  great 
cycle. 

(11.)  That  similarlv  the  warmth  of  the  interglacial  periods  was 
probably  greater  in  the  earlier  than  in  the  later  stages. 

(12.)  That  the  disappearance  of  the  last  ice-sheet  or  confluent 
glaciers  in  Britain  was  followed  by  a  period  when  it  is  probable 
that  our  islands  were  joined  to  the  continent. 

(13.)  That  this  contmental  condition  of  Britain  may  have  super 
vened  at  a  time  when  the  climate  was  cold  and  ungenial,  and  the 
arctic  mammalia  may  then  have  revisited  our  land. 

(14.)  That  the  upheaval  of  land  in  the  north  of  Europe,  which 
joined  Britain  to  the  continent,  was  accompanied  by  a  correspond- 
ing depression  in  the  south. 

(15.)  That  during  this  movement  a  large  part  of  Italy  was  eub- 
merged,  and  deposits  of  sand  filled  up  the  rock-basins,  which  in  all 
probability  had  been  8cooi>ed  out  in  former  ice-ages  at  the  mouths 
of  certain  Alpine  valleys  that  open  upon  the  plains  of  Piedmont 

(16.)  That  the  fossils  of  these  sands  indicate  a  temperature  for 
the  ^lediterranean  similar  to  what  obtains  at  present. 
,  (n.)  That  during  this  depression  in  the  south  of  Europe  con- 
tmental Britain  attained  to  the  enjoyment  of  a  mild  climate. 
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(18.)  That  paleolithic  man,  and  species  of  mamraalia  charac- 
teristic of  the  temperate  and  warm-temperate  zone,  may  have 
abounded  in  our  country  at  this  time,  and  left  their  relics  in  caves 
and  river-beds. 

(19.)  That  while  the  mild  period  continued,  subsidence  ensued 
in  northern  Europe,  by  which  means  Britain,  from  the  north  of 
Scotland  down  to  the  valley  of  Thames,  was  submerged, — the  sub- 
mergence reaching  to  a  depth  in  Wales  and  Scotland  of  about 
2000  feet  below  the  present  sea-level ;  and  that  Scandinavia,  Den- 
mark, Holland,  northern  Germany,  northern  Russia,  and  the 
northern  regions  of  North  America,  were  also  carried  below  the 

o 

level  of  the  waves.     (Formation  of  the  kames,  eskers,  asar,  etc.^ 

(20.)  That  this  depression  in  northern  Europe  was  accompanied 
bv  a  movement  of  elevation  in  the  south,  as  indicated  by  the  old 
alluvium,  with  remains  of  extinct  mammalia  overlying  the  marine 
sands  of  the  plains  of  Piedmont. 

(21.)  That  if  the  upheaval  in  the  south  at  all  equalled  the  degree 
of  subsidence  in  the  north,  there  must  have  been  land-communi- 
cation between  Europe  and  Africa, — the  soundings  between  Sicily 
and  Cape  Bon  indicating  the  existence  of  a  submarine  platform  at 
a  less  depth  than  100  fathoms. 

(22.)  That  the  Dttmten  lignite  beds  accumulated  while  this  mild 
period  continued  in  Italy  and  the  north  of  Europe. 

(23.)  That  when  the  submergence  was  approaching  its  limits  in 
the  northern  latitudes  of  Europe,  a  change  of  climate  gradually 
supervened,  and  icebergs  and  ice-raffcs  set  sail  from  the  frozen  islets 
that  represented  Scandinavia  and  Great  Britain  and  Ireland. 
(Erratics.) 

(24.)  That  consequently  such  a  change  of  climate  could  not  have 
been  due  to  geographical  causes. 

(25.)  That  during  the  submergence  in  northern  Europe,  the 
glaciers  of  Switzerland  advanced  and  covered  up  with  "  newer 
moraines"  some  portion  of  those  deposits  which  had  gathered 
during  the  preceding  mild  period. 

(26.)  That  similarly  in  Italy  the  Alpine  glaciers  stole  out  from 
their  deep  valleys,  and,  entering  upon  the  plains  of  Piedmont, 
partially  eroded  the  accumulations  which  had  formed  in  their 
absence,  but  were  unable  to  clear  out  the  buried  rock-basins  which 
are  inferred  to  occur  at  Ivrea  and  Rivoli  (any  partial  erosion  caused 
by  this  new  advance  of  the  glaciers  may  since  have  been  obliter- 
ated by  the  deposition  of  "  Alpine  diluvium,"  which  must  have 
accumulated  after  the  glaciers  retired,  just  as  it  did  before  they 
advanced). 

(27.)  That  if  any  deposits  indicative  of  a  cold  sea  were  at  this 
time  formed  in  the  Mediterranean,  they  must  be  still  under  water, 
— the  land  in  the  south  of  Europe  being  at  that  period  most  pro- 
bably ofgreater  extent  than  it  is  now. 

(28.)  That  the  cold  of  this  period  did  not  approach  in  severity 
that  of  the  earlier  stages  of  the  Glacial  epoch. 

(29.)  That  the  movement  of  depression  in  the  north  of  Europe 
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was  reversed  and  converted  into  one  of  elevation.  (Bailed  beadies; 

arctic  shell  clays.) 

(30.)  That  this  upheaval  again  joined  Britain  to  the  continent 

(31.)  That  glaciers  during  this  stage  oontinued  to  fill  the 
mountain-valleys  of  Great  Bntain  and  Ireland.    (Morainea.) 

(32.)  That  in  those  turbaries  and  deposits,  which  can  be  deariy 
shown  to  be  of  more  recent  date  than  dus  last  extenaion  of  the 
glaciers  in  Britain  and  the  continent^  the  hnman  relics  obtained 
belong  either  to  the  KeoUthic  period  or  to  still  more  recent  timei^ 
and  that  these  relics  are  never  accompanied  by  die  remains  of 
hippopotamus,  rhinoceros,  or  any  of  the  southern  forms  of  manif 
malia. 

(33.)  That  the  climate  of  Britain  during  the  period  of  loeil 
glaciers  was  suited  to  the  wants  of  arctic  mammalia,  and  periiaj^ 
the  mammoth  and  Siberian  rhinoceros  may  have  survived  to  thu 
time. 

(34.)  That  as  the  cold  decreased,  Britain  became  densdj 
wooded, — the  climate  then  resembling  probably  that  of  Canada 
before  her  foi-ests  were  thinned.  (Megaceros ;  JSoMprimigemui; 
B,  longifrofiS^  etc) 

(35.)  That  ere  long  Britain  became  insulated,  and  the  sea 
reached  to  a  greater  height  than  its  present  leveL 

(36.)  That  finally  the  sea  retired,  and  the  present  order  of  things 
obtained. 

3.  On  the  Oeologi/  ^f  the  NbHTieastern  West  India  Islands; 
by  P.  T.  Clevk.  48  pp.  4to,  with  2  plates.  (From  the  KongL 
Svenska  Vet.  Ak.  Handlingar,  ix.  No.  12.  Read  Nov.,  1870.)— Mr. 
Cleve,  the  author  of  this  memoir,  made  his  observations  in  the 
West  Indies  during  the  winter  of  1868-9.  He  gives  much  new 
information  with  regard  to  the  geology  and  mmeralogy  of  the 
northeastern  islands,  and  closes  with  the  following  summary  of 
the  facts : 

From  the  account  given  above  it  is  seen  that  the  oldest  rocks  of 
the  West  Indies  do  not  contain  fossils,  and  are,  on  that  account,  of 
an  unknown  geological  age.  They  occur  in  Trinidad,  and  are 
called  the  Caribbean  series.  Tliey  extend  farther  to  the  west  in 
the  northern  part  of  South  America.  It  seems  very  uncertain 
whether  this  series  occurs  in  the  other  West  India  islands. 

The  oldest  fossiliferous  rocks  of  the  West  Indian  archipelago 
belong  to  the  Cretaceous  formation. 

The  Cretaceous  formation  is  observed  in  Trinidad,  Jamaica  and 
in  the  Virgin  Islands,  and  it  is  not  improbable  that  the  conglomer- 
ates, and  the  metamorphic  and  igneous  rocks  of  the  large  islands 
of  Puerto  Rico,  San  Domingo  and  Cuba  may  also  be  found  to 
belons:  partly  to  that  formation. 

In  Tnnidad  the  Cretaceous  formation  seems  to  be  of  an  older 
date  than  the  same  formation  in  Jamaica  and  the  Virgin  Islands. 
One  Trigonia  resembling  7!  Boussingaultii  is  found  in  the  **  older 
Parian,''  and  this  circumstance  seems  to  indicate  that  the  time  for 
deposit  of  those  beds  is  about  the  Neocomian  period. 
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The  Cretaceous  beds  of  Jamaica  may  be  classed  as  a  West 
Indian  equivalent  to  the  European  Hippurite  lime  or  to  the 
"  Turonien  "  and  Gosau  deposit. 

The  fact  of  the  rocks  in  the  West  Indian  Cretaceous  formation 
being  mostly  igneous  or  igneo-sedimentary,  evidently  proves  them 
to  have  been  heaped  up  in  a  time  of  powerful  volcanic  activity, 
and,  as  the  Miocene  formation  in  several  places  covers  the  highly 
disturbed  and  metamorphosed  Cretaceous  rocks,  in  almost  hori- 
zontal and  undisturbed  beds,  we  may  conclude  that,  before  the 
Miocene  time,  the  Cretaceous  rocks  were  raised  to  a  mountain-chain, 
having  a  common  direction  from  east  to  west,  and  running  parallel 
with  the  northern  coastline  of  South  America. 

Fossiliferous  beds  belonging  to  the  Eocene  formation  are  found 
in  Jamaica,  in  Trinidad  (the  San  Fernando  beds),  as  also  in  St. 
Bartholomew.  It  may  be  regarded,  too,  as  very  probable  that 
the  same  formation  occurs  in  St.  Martin,  Antigua,  Guadeloujpe 
(the  "  pierre  4  ravets"),  Barbados  (Scotland),  and  possibly  also  m 
Cuba,  San  Domingo  and  Puerto  Rico.      The  Eocene  rocks  of  the 
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The  Eocene  formation  contains  to  a  great  extent  igneous  or  me- 
tamorphic  rocks,  which  fact  indicates  the  activity  of  the  volcanic 
power  also  during  the  Eocene  time. 

The  Miocene  formation  consists  mostly  of  limestones  or  marls, 
and  is  enormously  developed  in  the  West  Indies.  Limestone  strata 
belonging  to  the  Miocene  formation  cover  large  spaces  in  Cuba, 
San  Domingo,  Jamaica,  and  Puerto  Rico.  They  are  also  found  in 
Anguilla,  Antigua,  Barbados  and  Trinidad.  In  St.  Croix  the 
white  marl  also  seems  to  belong  to  the  Miocene  time.  The  Miocene 
formation  is  continued  in  the  northern  part  of  South  America  and 
in  Panama.*  From  the  laborious  palcontological  researches  made 
by  Messrs.  Moore,  Duncan,  Sowerby  and  Guppy,  before  quoted  in 
several  places,  it  appears  that  the  fossil  fauna  nas  a  great  resem- 
blance to  the  IVliocene  fauna  of  Europe  (as  in  Malta  and  at  Bor- 
deaux, etc.),  and  also  that  it  shows  a  close  affinity  with  the  still 
living  fauna  of  the  Pacific  Ocean  and  the  East  Indies.  Among 
the  fossil  species  of  the  Miocene  beds  of  the  West  Indies,  some  are 
BtiJl  living  in  the  Caribbean  sea. 

These  facts  have  led  to  the  supposition  that  in  the  Miocene  time 
an  open  channel  existed  over  Panama  to  the  Pacific  Ocean,  and 
also  that  a  connection  with  Europe  existed  in  form  of  an  archi- 
pelago extending  from  Europe  across  the  ocean  to  the  West  Indies. 
This  theory,  indicated  and  developed  by  Messrs.  Duncan,  Sowerby, 
Guppy  ana  Moore,  seems  very  plausible,  and  it  coincides  with  the 
hypothesis  which  Oswald  Heer  proposed  to  explain  the  close  affin- 
ities between  the  European  Miocene  and  the  still  existing  subtrop- 
ical North  American  flora. 

The  Miocena  fauna  of  the  West  Indies  does  not,  however,  offer 
any  close  affinities  with  the  Miocene  fauna  of  North  America. 

*  Quart  Joum.  GeoL  Soc.,  voL  iz,  1853,  p.  132. 
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The  thickness  of  the  Miocene  strata  of  the  West  Iiidiea^  aa  wd 
as  their  generally  undisturbed  position  and  the  absence  of  Tolaide 
rocks,  indicates  that  the  Miocene  time  was,  in  the  Weat  Indies,  s 
long  period  of  calm,  undisturbed  by  yolanio  phenomeiia. 

A  nirther  exploration  of  the  Miocene  rocka  in  the  Weat  LidiBS 
may  make  it  necessary  to  divide  this  formation  into  aeyeral  nb- 
di  visions. 

The  Pliocene  beds  of  the  West  Indies  occur  in  TVinidad  (the 
Matura  beds)  and  in  Barbados.  To  the  newest  Pliocene  or  Pott* 
pliocene  formation,  the  lime  deposits  of  Brimstone  Hill  in  Si.  Kitti^ 
and  of  Basse-Terre  (Guadeloupe)  ought,  most  probably,  lo 
be  referred.  As  these  deposits  occur  among  rocka  ejected  fifom 
still  active  volcanos,  it  may  be  concluded  that  the  latter  take  their 
origin  from  the  Pliocene  or  the  Post-pliocene  time.  The  Bahama 
Islands,  the  island  of  Anegada,  and  a  part  of  Barbuda  belong  to 
a  very  recent  tima 

From  the  facts  exposed  above  it  may  consequently  be  infared, 
that  of  the  two  prevailing  lines  of  elevation  in  the  West  Indies  tiM 
one  running  from  west  to  east  originated  before  the  Miocene  ttme, 
and  that  the  other  from  N.  W.  to  S.  E.,  commencing  with  the 
Bahamas  and  continuing  in  the  same  direction  down  to  Trinidtd, 
was  formed  after  the  Miocene  time. 

In  the  mineralogical  section  of  the  memoir,  the  following  are 
described  as  new  minerals : 

Hesanite. — A  hydrous  silicate  of  copper  and  iron,  of  an  olive- 
green  color,  uncrystalline  and  G  =  2*0(5.     The  analysis  afforded 

§i  3508,  Cu  2318,  Pe  991,  tt  (vol.  at  100°  C.)  23-15,  fi  (ign.)  8-53=99-85. 

It  gives  the  formula,  if  the  iron   is  protoxide,  ft*  Si*.     It  is  easily 
decomposed  by  hydrochloric  acid.     Named  after  Pedro  Kesano. 

Jiartholomite. — In  yellow  nodules,  composed  of  small  needles. 
The  analysis  gave 

g  44-75,  J?e  22-71,  Sfg  0-63,  l^Ta  17-08,  tt  8-08,  Na  CI  2-88,  insoL  3-66=99  69. 

Separating  the  common  salt,  the  magnesia  as  sulphate  and  the 
impurities,  it  gives  the  formula 

2]§fa  8  4-  Fe  5'-|-2fi[=S  5000,  3Pe  2500,  STa  19-38,  fl  6*62=100. 

It  is  related  to  botryogen. 

4.  Devonian  and  Lower  Carboniferous  Plants. — In  the  Proceed- 
ings of  the  Geological  Society  of  London,  published  May,  1872,  is 
an  interesting  paper,  by  Proi.  IIeer,  on  the  Fossil  Plants  of  Bear 
Island,  Spitzbergen.  As  catalogued  by  him,  the  flora  of  this  place, 
which  occurs  in  shales  associated  with  coal,  and  below  the  Lower 
(carboniferous  limestone,  includes  a  remarkable  mixture  of  the 
plants  of  the  Lower  Carboniferous  or  Subcarboniferous  of  Europe 
and  America,  with  ferns  characteristic  of  the  Upper  Devoniau. 
Unless  there  has  been  a  mixture  of  plants  from  two  distinct  hori- 
zons on  the  part  of  the  collectora,  tliere  must  thus  have  been  in 
this  high  northern  latitude  a  transition  from  the  Devonian  flora 
to  that  of  the  Carboniferous.  In  North  America  such  a  transition 
occurs  in  Ohio,  but  in  other  localities  these  floras  are  somewhat 
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distinct ;  and  in  the  east  the  two  series  containing  them  are  un- 
conformable. Prof.  Heer,  however,  somewhat  impairs  the  value 
of  his  paper  by  maintaining  that  all  his  plants  are  truly  Carboni- 
ferous, and  belong  to  what  he  names  the  "  Ursa  stage  "  at  the  base 
of  that  formation.  He  even  goes  so  far  as  to  hold  that  the  plants 
of  the  American  Chemung  and  Hamilton  groups  must  be  Carbon- 
iferous also.  This,  however,  proceeds  from  want  of  acquaintance 
on  his  part  with  the  rich  Middle  Devonian  flora  of  Eastern 
America,  the  resemblance  of  which  to  that  of  the  Coal-measures, 
in  general  facies,  and  especially  in  its  richness  in  ferns,  has  misled 
other  European  paleobotanists  accustomed  to  regard  the  Middle 
Devonian  as  comparatively  barren  in  plants,  whereas  in  fact  it 
contains  a  flora  comparable  in  richness  with  that  of  the  Coal-for- 
mation, though  distinct  as  to  species. 

Mr.  Daintree  has  recently  read  before  the  same  society  a  paper 
on  the  Geology  of  Queensland,  Australia,  in  which  he  refers  to  a 
Devonian  flora  existing  there ;  and  Mr.  Carruthers,  who  has  exam- 
ined his  specimens,  identifies  some  of  them  with  species  found  in 
the  Devonian  of  North  America.  We  have  thus  the  wonderful 
fact  of  the  extension  of  a  Lower  Carboniferous  and  Devonian  flora 
accompanied  with  the  characteristic  marine  organisms  of  these 
periods,  from  76°  north  latitude  to  20°  to  30°  south — an  indication 
of  remarkable  uniformity  of  climate,  and  perhaps  also  of  the  hardy 
and  world-embracing  constitution  of  the  members  of  these  old 
floraa  j.  w.  d. 

6.  Proceedings  of  the  Lyceum  of  Natural  History, — VoL  i  of 
the  Proceedings,  containing  records  commencing  with  April  4, 
1870,  has  been  published  as  far  as  page  236,  under  date  of  May  8, 
1871. — We  take  from  these  Proceedings  the  following : 

Prof  Henry  Wurtz,  in  an  article  (p.  103)  on  the  rock  of  the 
Palisades  (New  Jersey),  gives  the  following  analysis  of  a  specimen, 
having  G=2*94,  from  Prof  Cook  (Geol.  of  New  Jersey,  p.  215). — 

§i  53-9,  Xl  17-5,  te  80,  Mg  lOS,  Ca  80,  ^,  ^a  2-3  =  100 ; 

and,  supposing  it  to  consist  of  labradorite  60  p.  c,  and  hypers- 
thene  40,  he  gives  for  the  calculated  result — 

§i  53-6,  Xl  18-2,  ^e  87,  %  8-7,  Ca  7*4,  t,  Sa  2-7=99-2. 

[We  strongly  suspect  from  the  resemblance  of  the  rock  to  that 
of  the  Connecticut  trap,  and  an  examination  of  a  specimen  of  the 
Palisade  rock,  that  part  of  the  iron  was  in  the  state  of  magnetic  iron. 
The  magnetic  iron  in  this  rock  near  New  Haven,  Ct.,  is  often  in 
octahedral  crystals,  as  may  be  sometimes  seen  on  weathered  sur- 
fstces ;  and  the  same  is  true  of  the  Palisade  trap  examined.  The 
rock  appears  to  be  true  doleritCy  the  counterpart  among  eruptive 
rocks  of^  hyperite  among  metamorphic  rocks.  The  other  constitu- 
ents are  essentially  the  same  that  have  been  obtained  in  analyses 
of  the  New  Haven  rock. — j.  d.  d.] 

A  mica  schist  filed  with  minute  crystals  of  kyanite  covers  large 
areas,  according  to  Professor  D.  S.  Martin,  on  New  York  island  on 
East  42d  street,  near  the  Union  Depot,  and  also  between  45th  and 
46th  streets,  west  of  Madison  avenue ;  and  he  remarks  that  the 
rock  is  probably  continuous  from  one  point  to  the  other. 
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Pro£  Martin  also  Btates  (p.  2SS)  dial  gramdat  Knmitm$  \m 
been  found  in  the  gneiss  in  East  124th  street,  whioh  is  {oobably  t 
prolongation  of  the  ridge  at  Mott  Haren  and  elsewhere  in  West- 
chester county. 

Dr.  J,  L.  Newberry  states,  on  page  S24,  that  the  iron  ore  on 
the  Clingwater,  in  Wyoming,  discorered  by  Dr.  Haydoi,  oontaini 
2Sip.  c  of  titanic  acid, 

6.  U.  a.  Geological  Survey  of  the  Ihrritoriee  ;  F.  V.  Hatuv, 
U.  S.  Geoloffiet  in  charge.  Profiles^  Sectione  and  other  Ittneainh 
tions  designed  to  accompany  the  final  r^fwrt  of  the  Chitf  G^eologiit 
of  the  Survey^  and  sketched  under  hie  airecUone  ;  Vy  Hbitrt  W. 
Elliott.  Under  authority  of  the  Secretary  of  Uie  ^terior,  1871 
— ^This  volume  of  illustrations  contains  sixty-five  plates  and  over 
three  hundred  engravings,  all  reproductions  of  the  ezceUent  draw- 
ings of  Mr.  Elliott.  Although  mostly  sketchy  outlinee,  with  but 
few  touches,  they  bring  out  Tike  portraitures  the  landscape  soea- 
ery  of  the  regions,  showing  even  the  geological  features  of  the 
surface  and  stratification  of  the  rocks.  Moreover  the  kinds  of 
rocks  in  the  different  parts  of  each  scene  have  been  mentioned  bf 
Dr.  Hayden  in  the  explanations  of  the  plates.  The  views  have 
therefore  a  high  scientific  interest,  both  geological  and  geo- 
graphical. 

7.  Damouritic  gametiferous  schist  of  Salm- Chateau, — Messrs. 
L.  D.  DB  KoNiNCK  and  P.  Daybeux  have  analyzed  a  schist  look- 
ing as  if  steatitic,  and  have  found  it  to  consist  of  a  hydrous  mics 
afiording  "  perfectly  "  the  compositions  of  damourite,  *•  fi;  aXl,  eSi, 
2l![."  Some  transparent  and  slightly  elastic  mica-like  plates  in  the 
rock  have  the  same  constitution  as  the  rock  itself.  The  garnets  are 
manganesian,  or  of  the  variety  spessartite. — Proc.  Acad  Boy. 
Selg.y  April  6,  Ijinstituty  July  17. 

8.  Bathmodon  radians  of  Cope, — Prof.  Copk  stated  that  the 
largest  mammal  of  the  Eocene  formation  adjoining  those  of 
Wyoming,  i.  e.,  of  the  Wahsatch  group  of  Hayden,  was  the  JBath- 
modon  radians  Cope,  of  about  the  size  of  the  rhinoceros.  It  was 
an  odd-toed  ungulate,  with  peculiar  dental  characters.  The  incison 
were  well  developed  above  and  below  as  in  the  tapir,  but  the 
dental  series  was  little  interrupted.  The  crowns  of  the  upper 
molars  were  all  wider  than  long,  and  presented  mixed  characters. 
On  the  outer  margin  one  only  of  the  two  usual  crescents  of  ra- 
minants  was  present,  but  a  tubercle  represented  the  anterior  one. 
The  one  whicn  was  present  was  directed  very  obliquely  inward. 
Inner  crescents  were  represented  by  two  angles,  the  posterior 
forming  the  inner  angular  mar^n  of  a  flat  tablej  the  anterior  a 
mere  cingulum  at  its  anterior  oase.  The  arrangement  of  these 
parts  was  stated  to  be  of  interest  in  connection  with  the  relation- 
ships between  the  types  of  hoofed  animals.  The  single  outer 
crescent  was  a  ruminant  indication,  while  the  inner  table  resem- 
bled  the  interior  part  of  the  crown  of  l^tanotherium.  It  differed, 
however,  in  its  early  union  with  the  outer  margin,  its  edge  being 
thus  possibly  homologous  with  the  posterior  transverse  crest  in 
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Hhtnoceros.  The  premolars  had  two  or  three  lobes  with  cres- 
centic  section  arranged  transversely.  He  regarded  the  genus  as 
allied  to  Chalicotherium, 

He  stated  that  the  mammalian  fauna  of  Wyoming  and  Utah 
more  nearly  resembled  that  of  the  Paris  Basin  than  any  yet  dis- 
covered in  our  country,  and  that  it  had  been  discovered  to  con- 
tain a  still  greater  number  of  generalized  mammalian  forms.  One 
of  the  most  marked  of  these  was  the  genus  Hipposyus,  described 
by  Dr.  Leidy. 

9.  On  some  New  Species  of  Fossil  Mammalia  from  Wyoming; 
by  Dr.  Jos.  Leidy.  (From  a  letter  to  Mr.  Tryon,  dated  Fort 
Bridger,  July  24th,  printed  in  advance  of  the  Proceedings  of  the 
Academy  of  Natural  Sciences  of  Philadelphia,  and  issued  Aug. 
1,  1872.) — ^The  region  of  Fort  Bridger  is  an  immense  basin,  the 
bed  of  an  ancient  lake,  bounded  on  the  south  by  the  Uinta 
mountains,  and  extending  far  north  to  the  Wind  River  mountains. 
The  deposits  of  the  lake  of  the  Tertiary  period  are  estimated  to 
be  about  8,000  feet  in  thickness.  They  present  the  appearance  of 
a  succession  of  terraces  or  table-lands  extending  southerly  from 
Green  river  to  the  base  of  the  Uintas.     The  country  for  the  most 

Sart  is  treeless,  and,  except  along  the  water-courses,  nearly  a 
esert.  The  Tertiary  deposits  consist  of  strata  so  little  inclined 
that  they  appear  to  be  horizontal  to  the  eye.  The  strata  are  com- 
posed mainly  of  clays,  soft  and  crumbling  or  more  or  less  indurated, 
often  mixed  with  sand.  Friable  sandstones  and  indurated  marls, 
often  with  abundance  of  fresh-water  shells,  also  frequently  occur. 
There  are  often  isolated  lands  surrounded  by  broad  plains  or 
narrower  valleys.  These  isolated  lands  are  named  buttes,  and 
resemble  great  earthworks  or  huge  railway  embankments.  Fre- 
quently their  eroded  sides  gives  them  the  appearance  of  a  vast 
assemblage  of  Egyptian  pyramids  flanking  the  plains  above. 
Such  assemblages  of  earthworks,  pyramids,  mounds,  piles  of  trun- 
cated cones,  4&C.,  rising  from  a  plam,  constitute  what  are  named, 
in  various  parts  of  our  great  West,  ''  bad  lands,"  or  "  mauvaises 
terres." 

As  the  buttes  crumble  away  under  the  effect  of  the  weather,  the 
fossils  of  their  strata  become  exposed  to  view. 

On  the  IVth,  in  company  with  Dr.  J.  Van  A.  Carter  and  Dr. 
Joseph  K.  Corson,  U.S.  A,  1  made  a  trip  to  the  valley  of  Dry 
Creejc,  forty  miles  from  Fort  Bridger.  Here  we  encamped,  and 
spent  three  days  in  exploring  the  neighboring  buttes  for  fossils. 
The  most  abundant  vertebrate  remains  are  those  of  turtles,  the 
shells  of  which  are  frequently  met  with  in  little  heaps  of  fragments 
into  which  they  have  been  reduced  after  exposure  from  the  wearing 
of  the  buttes.  Of  mammalian  remains  the  most  abundant  are 
thofte  of  the  tapir-like  animal  which  I  have  named  Palmosyops 
paludosua.  We  also  found  a  number  of  more  characteristic  speci- 
mens than  1  had  before  seen  of  the  larger  species  of  Pidikosyops 
major.  Dr.  Corson  further  discovered  the  remains  of  a  small 
species  which  may  be  named  PALisosYOPS  huhilis.    An  upper 
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molar  tooth  of  this  animal  measures  three-fourths  of  ma  iaeh  in 
diameter.  We  have  likewise  found  some  additional  remains  of 
Ifyrachyus  agrariusj  and  better  specimens  than  I  before  had  of 
the  larger  Hyrach^ftu  eximiua,  A  weltpreserved  last  lower  molsr 
of  this  species  measures  an  inch  fore  ana  nfL 

We  were  fortunate  in  obtaining  the  remains  of  two  of  the 
largest  and  most  extraordinary  mammals  yet  disooToied  in  the 
Bridger  Tertiary  deposits.  One  of  these  was  a  tapiroid  aidnial  ex- 
ceeding in  bulk  of  body  and  limb  the  liying  rhinoceroeeSi  though 
the  head  appears  to  haye  been  proportionally  smalL  Dr.  Carter 
discovered  many  fragments  of  a  skeleton  of  tne  animal,  inolnding 
a  whole  humerus,  portions  of  jaws,  and  a  much  omahecl  and  dis- 
torted cranium.  The  upper  molar  teeth  hay^  the  orown  composed 
of  a  pair  of  transverse  lobes,  with  sloping  sides  and  aonte  sommiti, 
separated  externally  and  united  internally  in  a  Y-like  manner. 
A  thick  basal  ridge  bounds  the  crown  in  front  and  behind.  A 
last  upper  molar  measures  an  inch  and  a  half  in  the  median  line 
fore  and  aft.  The  molars  in  adyance  are  smaUer.  The  lower 
molars  have  a  trilobed  crown.  The  anterior  lobe,  larger  than  the 
others,  extends  across  the  crown  and  rises  in  a  prominent  pesk 
internally.  The  acute  summit  is  worn  away  posteriorly.  Tht 
middle  lobe  extends  about  two-thirds  across  the  crown  from  the 
other  side,  and  is  less  prominent  than  the  others.  The  back  lobe, 
second  in  size,  is  thickest  internally.  The  fore  and  aft  diameter 
of  the  last  lower  molar  is  equal  to  the  corresponding  upper  tooth. 
The  depth  of  the  lower  jaw  at  the  last  molar  is  three  and  a  quarter 
inches.  The  humerus  is  nearly  a  foot  and  three-fourths  in  length 
and  seven  and  a  half  inches  in  breadth  at  the  condyles.  I  propose 
to  name  the  great  pachyderm  of  the  Uinta  country,  the  Uinta- 

THERIUM  BOBUSTUM. 

If  not  the  most  interesting,  the  most  exciting  incident  of  our 
exploration  of  Dry  Creek  buttes  was  Dr.  Corson's  discovery  of 
the  upper  canine  teeth,  apparently  of  the  most  formidable  of  cap 
nivores,  the  enemy  of  the  UirUatherium^  Pakeom/ops^  and  other 
peaceful  pachyderms.  The  teeth  resemble  in  form  those  of  the 
sabre-toothed  tiger.  The  more  perfect  specimen  consists  of  nearly 
nine  inches  of  the  enameled  crown.  In  its  perfect  condition  the 
tooth  measured  upward  of  a  foot  in  leneth,  so  that  it  exceeded 
the  canines  of  the  great  Brazilian  Mackairodus.  The  tooth  it 
sabre-like,  curved,  and  compressed  conical  Its  most  remarkable 
character  consists  in  the  lance-head-like  form  of  the  tenninal  three 
inches.  It  is  thickened  at  the  axis,  and  impressed  and  expanded 
toward  the  edges,  so  as  to  be  actually  broader  in  one  portion  than 
immediately  above.  The  antero-posterior  diameter  of  the  crown 
near  its  base  is  two  inches ;  the  thickness  over  an  inch.  These 
canine  teeth,  terminating  in  lance-like  points,  must  have  proved 
most  terrific  instiniments  of  slaughter.  Their  possessor  was  do 
doubt  the  scourge  of  Uinta,  and  may  therefore  be  appropriately 
named  Uintamastix  atbox. 
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1 0.  Descriptions  of  new  species  of  Fossils  from  the  Devonian 
rocks  of  laway  with  a  preliminary  note  mi  the  Formations ;  by 
James  Hall  and  R.  P.  Whitfield. — Published  July,  1872,  in 
advance  of  the  Report  on  the  State  Cabinet.  22  pp.  8vo,  with  4 
plates. — Contains  descriptions  of  species  of  Corals,  Brachiopods 
and  Grasteropods.    The  figures  are  excellent. 

1 1.  On  the  Fossil  Man  of  the  cavern  of  Broussi-roussi^  in  Italy ^ 
eaUed  the  cave  ofMemJUme;  by  £.  Riyibbe. — ^This  skeleton  is  very 
nearly  complete,  it  wanting  only  some  bones  of  the  feet,  and  also 
the  lower  extremity  of  the  left  tibia,  and  the  posterior  extremity 
of  the  calcaneum  of  the  same  side,  broken  by  the  .stroke  of  the 
pick-axe  which  brought  the  skeleton  to  light. 

The  measurements  show  that  the  skeleton  is  one  of  large  size. 
The  skull  was  very  dolicocephalous,  and  its  facial  angle  good,  ap- 
proaching 86°.  It  closely  resembles  the  man  of  Cro-Magnon  found 
m  1868. 

The  different  species  of  animals  occurring  in  the  immediate 
vicinity  of  the  skeleton  are  Felis  spekBa^  Ursus  spelams,  Lrsus 
arctoSy  Canis  lupuSy  Mrinaceus,  Rhinoceros^  Equus  (a  molar),  Sus 
scrofa  (several  teeth).  Bos  primigenius^  Cervus  alces^  (jervus 
elaphuSy  Cervxis  Canadensis^  a  Cervus  which  may  be  the  stag  of 
Corsica,  Cervus  capreolus,  Capraprimigenia{?),  AntUope  rupicapra 
(or  chamois),  and  a  species  of  Lepus.  Among  these  animals,  three 
especially,  the  cave  Felis  and  Ursus,  and  the  Rhinoceros,  indicate 
by  their  presence  around  the  skeleton  and  at  levels  above  it,  the 
epoch  to  which  the  fossil  man  belonged. 

Among  the  other  objects  present  there  are  two  flint  knives,  a 
bone  pin  cut  from  the  radius  of  a  stag,  and  22  canines  of  the  stag 
perforated. 

The  bones  were  all  in  place,  the  attitude  being  that  of  a  man 
who  had  died  in  his  sleep  just  where  he  was  found,  that  is,  on  a 
bed  made  of  ashes,  charcoal  and  burnt  stones,  and  amid  the 
refuse  of  his  daily  life. — Les  MbndeSy  July  11. 

]  2.  Sharks*  teeth  of  the  Crag^  supposed  to  have  been  bored  by 
man. — ^The  Geological  Magazine  for  June  contains  an  article  by 
T.  McK.  Hughes,  on  the  bored  sharks'  teeth  found  in  the  Crag 
(Pliocene),  in  which  the  author  offers  "  reasons  for  believing  that 
there  is  not  the  slightest  evidence  for  attributing  the  phenomena 
in  question  to  the  agency  of  man.''  The  article  is  illustrated  by 
figures  of  the  bored  teeth,  natural  size. 

13.  ITie  Geology  and  Physics  of  the  Post-glacial  period^  as 
shot07h  in  the  deposits  and  organic  remains  in  Lancashire  and 
Cheshire;  by  T.  Mellard  Reade,  C.E.,  F.G.S.  (Proc.  Liverpool 
6eoL  Soc.,  S'ov.,  1871). — ^The  author,  after  giving  detailed  des- 
criptions of  the  region  and  its  Post-elacial  formations,  presents  the 
following  conclusions :  That  after  the  laying  down  of  the  boulder- 
day,  the  land  was  elevated  above  its  present  level,  and  again 
depressed  below  it,  the  valleys  of  the  present  Lancashire  and 
Cheshire  rivers  having  been  mainly  excavated  during  this  period 
and  a  subsequent  re-emergence,  and  stratified  drift  deposits  made 
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out  of  the  boulder  drift ;  tliat  a  re-emergenoe  took  plaoe^  and  a 
pause,  when  the  ittfericrpetU  cmd  for€t€  ft#ci9W«re  mmed;  Uiat 
a  second  subsidende  took  place,  denuding  theee  pemt  beda,  and 
making  the  Fonnby  and  Leasowe  marine  bedi ;  that  an  upward 
movement  succeeded,  and  then  grew  the  forest  treea,  remauis  of 
which  are  seen  at  the  base  of  the  mwenar  peat  bed ;  that  the  hit 
movement  of  the  land,  a  downward  movement,  now  took  plaee, 
and,  as  a  consequence,  tidal  silt  was  spread  over  the  aaperior  pest 
bed,  and  intercalated  in  the  growing  peat^  the  river  bea  tt 
Crossens  was  tilted  up,  and  other  changes,  both  formative  and 
denuding,  went  forward. 

14.  l%e  Birds  of  North  Ameriea;  by  Pra£  &  F.  Baibd,  of  the 
Smithsonian  Institution. — The  publication  of  a  woik  on  tfa^  burdi 
of  North  America,  by  Fro£  Haird,  with  the  oolVperation  off  Dr. 
T.  M.  Brewer,  of  Boston,  and  Mr.  R.  Ridgeway,  of  TIlinoM,  ii 
promised  by  December  1st,  by  Messrs.  Little,  Brown  A  Ca;  and, 
with  such  authors,  and  Dr.  Baird  at  the  head^  the  work  will 
assuredlv  be  one  of  hiffh  merit,  and  just  what  is  needed.  Hk 
illustrations  will  include  a  drawing  of  one  species  of  each  genni, 
and  also  outline  figures  of  the  wing,  tail,  bill  and  feet;  and  Iwsides . 
these,  one  or  more  figures  of  the  head  of  each  species  of  North 
American  birds,  in  most  cases  of  life  size.  The  publishers  state 
that  two  editions  will  be  issued,  one  with  colored,  the  other  with 
uncolored,  illustrations. 

15.  Fossil  C^halopods  of  the  Museum  of  Comparative  Zoology: 
Embryology  ;  by  Alphbus  Hyatt.  Bulletin  of  the  Museum,  vol 
ii,  No.  5. — This  memoir  contains  the  results  of  a  careful  investi- 
gation with  respect  to  the  embryology  and  structure  of  ammonitefl 
and  related  cepnalopods,  by  a  study  of  the  shell  in  its  different 
stages  of  development,  and  also  by  a  comparison  of  its  characters 
with  those  of  the  living  nautilus. 

16.  Boston  Society  of  Natural  History. — ^Number  3  of  part  i 
of  vol.  iii,  of  the  Memoirs  of  this  Society,  recently  issued,  con- 
tains an  elaborate  memoir  by  Elliott  Cones,  M.D.,  on  the  Osteo- 
logy and  Myology  of  Didelphys  Virginiana,  with  an  appendix  on 
its  brain,  by  Jennes  Wyman. 

1 7.  Efflorescent  Salt  ohtain^ttoelve  miles  from  Denver^  Colorado, 
contains,  according  to  P.  Frazer,  Jr.,  sulphate  of  soda,  63*87  per 
cent,  sulphate  of  lime  9*70,  water  21*88,  chloride  of  sodium,  sul- 
phate of  magnesia,  &c.,  4 '55. — Hayden^s  Beport  on  Wyoming, 
1871,  p.  187. 

III.  Astronomy. 

1.  Awials  of  the  Observatory  of  Harvard  College^  vol  vi, 
1859-60;  vol'vii,  Observations  of  Solar  Spots^  1847-49;  by 
Wm.  Cranch  Bond,  Cambridge,  1871. — ^Tbe  sixth  volume  of  the 
Annals  of  the  Harvard  Observatory  contains  a  third  series  of  sone 
observations  made  under  the  direction  of  Professors  W.  C.  Bond 
and  6.  P.  Bond.  The  first  series  was  published  in  vol.  i,  part  ii, 
and  included  the  places  of  5500  stars;  the  second,  in  voL  ii,  partii) 
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and  included  the  places  of  4484  stars.  The  tables  in  voL  vi — the 
third  series — contain  the  places  of  6100  stars  between  0°  40'  and 
1*  0'  north  declination. 

Volome  viL  comprises  brief  tables  and  numerous  plates,  illus- 
trating the  positions  and  characters  of  solar  spots,  from  the  obser- 
vations of  rro£  Wm.  C.  Bond  during  the  years  1847-49.  The 
plates  number  112.  Professor  Winlock  says,  in  his  preface  to  the 
volume,  that  the  drawings,  here  reproduced,  "  furnish  a  more  per- 
fect record  of  the  appearance  of  the  sun  for  a  period  of  upward 
of  two  years  than  any  with  which  I  am  acquainted,  exceptmg  of 
course  the  photographic  records  which  have  become  possible  in 
recent  times,  but  could  not  be  attempted  when  Pro!  Bond  made 
his  observations."  The  plates  are  engraved  with  great  apparent 
exactness  and  beauty. 

2.  Astronomical  Engravings  of  Moon- Craters^  Sun-Spots^  etc.  / 
by  the  Observatory  of  Harvard  CoUege. — The  Observatory  of 
liarvard  College  has  issued  the  following  circular,  dated  July 
11,  1872,  solicitmg  subscriptions. 

"  The  Director  of  the  Observatory  of  Harvard  College  purposes 
to  publish  a  series  of  astronomical  engravings,  which  shall  repre- 
sent as  nearly  as  possible  the  most  interesting  objects  in  the 
heavens  as  they  are  seen  with  the  powerful  instruments  of  the 
Observatory  under  his  charge. 

The  series  will  consist  of  at  least  thirty  pictures,  and  will  em- 
brace the  principal  planets,  moon- craters,  sun-spots,  solar  promin- 
ences, nebulas,  and  spectra  of  variable  stars. 

To  obtain  some  assistance  toward  defraying  the  expense  of 
printing,  as  well  as  to  secure  for  them  a  more  general  circulation 
than  can  be  expected  for  volimies  of  Annals  of  an  Observatory, 
they  will  be  offered  to  subscribers  at  the  rate  often  dollars  for  the 
set.  The  pictures  will  be  delivered  from  time  to  time  as  they  are 
completed,  and  they  will  be  followed  by  some  pages  of  notes  and 
explanations." 

The  few  specimen  plates  sent  us  are  excellent,  and  of  great 
interest,  those  of  some  sun  protuberances  being  remarkably  fine. 

3.  Aurora  Australia  in  March, — Faint  streamers  of  the  Aurora 
Aufltralis  were  seen  for  a  short  time  on  the  evening  of  March  2d, 
shortly  after  9  p.  m.  On  the  same  day  considerable  magnetic  dis- 
turbances took  place,  which  began  at  1  p.  m.,  affecting  the  declin- 
ation to  the  greatest  extent.  At  1.80  p.  m.  the  maximum  east 
declination  occurred;  it  then  gradually  diminished,  increasing 
and  decreasing  alternately  until,  shortly  after  6  p.  m.,  a  steady  de- 
crease took  place,  the  minimum  occurring  at  6.30  p.  m.,  a  decrease 
of  25  minutes  of  arc  having  taken  place  during  the  half  hour,  while 
the  whole  range  of  the  disturbance  amounted  to  38  minutes  of  arc. 
The  disturbance  continued  to  a  smaller  extent  until,  between  2 
and  3  A.  BL  on  the  3rd,  a  small  vibratory  movement  set  in,  which 
lasted  until  7.30  a.  m.,  after  which  the  needle  resumed  its  normal 
position.  The  horiaontal  force  was  comparatively  little  affected, 
the  whole  range  of  the  disturbance  amounting  only  to  0*0268  of 
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the  absolute  unit,  while  the  vertical  force  showed  very  little  change. 
— Moiitfdy  Record  of  the  Melbourne  Observatory^  for  March,  1872. 

4.  Hie  Sun^s  Lvjiit, — A  letter  from  Signor  Tacchini,  of  PalermOf 
to  M.  Faye,  states  some  new  facts  with  regard  to  the  presence  of 
magnesium  in  the  chromosphere.  He  says  that  on  the  6th  of  May 
last  he  found  in  the  sun  some  re^ons  of  great  extent  remarkable 
for  the  presence  of  magnesium,  stretching  over  an  arch  irom  12  to 
168  degrees;  and  that  on  the  18th  he  presented  to  the  Spectro- 
scopic Society  at  Palermo  a  design  of  the  whole  border  witii  indi- 
cations as  to  the  position  of  the  magnesium,  and  its  unaccountable 
predomhiance  along  the  western  border.  He  further  states  that 
on  the  18th  of  June  the  magnesium  was  found  to  show  itself  to 
the  s}>ectroscope  around  the  whole  border,  that  is,  the  whole 
chromosphere  was  invested  with  vapors  of  this  metaL  Under  this 
general  ebullition,  there  was  naturally  an  absence  of  protuberances, 
while  the  dames  of  the  chromosphere  were  very  marked  and  bril- 
liant :  and  the  more  brilliant  the  flames  the  greater  the  amount  of 
magnesium  indicated. — L^ Institute  July  10. 

5.  The  August  Jleteors  were  observed,  on  the  night  of  9-10,  at 
Sheffield  Hall,  by  Pro£  C.  S.  Ltmax,  aided  by  some  young  assistants. 
Previous  to  10^  oVlock  no  regular  watch  was  kept,  but  30  or  40 
won.*  noticed.     After  that  the  numbers  were  as  follows: 

Frvmi  10*  to  11,    30,  bv  6  observers. 
"      ll'   '•  lU,  50. 


\U  '•  12, 

61, 

12*  ••    12*, 

56, 

12^  "      1, 

59. 

r  "      l.A, 

42, 

U  -     2," 

32, 

6»       tt  ik 


*•  (most  of  the  time). 


»       O  ii 


o^  •« 


:U,  some  haze;  accurate  count  not  kept:  but 
the  number  was  at  uKmu  the  same  rate.  Several  were  brilliant, 
loaving  oolort^l  t rains.  At  aKnit  S  minutes  past  12  one  exploded 
with  a  bright  tlash  in  the  oast.  The  paths  were  not  mapped  of 
any.  but  a  lanro  pro}vnion  were  ••o^/tvi?i<iWtf  to  the  usual  radiant. 
Nv^t  morv  tV.an  J  of  the  sky  was  observe*.!  most  of  the  time.  A 
moi\*  thorvMisrh  s<*n:tinv  wouKi  doubt lef^s  have  made  the  numbers 

V  a 

greater.  Tlur\*  w.is  much  .luroral  light  in  the  north  all  night, 
wi:h  ix*oasional  stiwimor?  about  midnight.  No  cloudiness  in  the 
skv  until  a!\<T  o  o'oUvk. 

lV^:os5v^r  K.  W.  MoFarland,  of  Miami  University,  Oxford,  Ohio, 
state*,  :r.  s  lettir  ■i:i:e-.i  Oxiorvi,  Aiur.  12.  that  he  obser\-ed  on  the 
morv.rig  of  the  1  :h  frotn  a  quan<-r  before  3  to  5  minutes  before 
4,  and  v*vxir.:i\i  i:».  :hr»:  time  t*2  nietoc^rs^ 

6.  »•».  r}v  'i*^  \i  ■'<::.< :  bv  l>of.  C.  H.  F.  Peters.  (From  s 
letter  to  ore  of  the  Kd::or<,  ^\ate\i  Litchfield  Observatory  of  Ham- 
ilton iVtlogt*,  C'.:'.i:or.,  N.  Y.,  August  IT.'t — I  have  obtained  the 
fcUowing  olxj^^nati.^r.s  or.  two  r.ew  ^^lanets^  which  I  found  on  the 
I  of  Julv  SI,  ar.vl  which  will  be  the  122d  and  123d  of  the 
of 
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(1.)  Anteroid  (122). 


1872. 

Ham.  Ck>ll.  m.  t 

i 

ipp. 

a. 

App.  d. 

Na  of  oomp. 

h.     m.      s. 

h. 

m. 

8. 

e 

/ 

n 

July  31, 

16      9    37 

21 

48 

66-47 

-11 

41 

54*9 

11 

Aug.   1, 

11     32    49 

21 

48 

22*36 

-11 

46 

1*8 

12 

"      % 

12    42      0 

21 

47 

39-73 

-11 

48 

67-4 

12 

"       3, 

12       1     16 

21 

46 

5962 

-11 

62 

38*2 

10 

"       4, 

12       1     18 

21 

46 

17*64 

-11 

56 

310 

10 

•*       5, 

11     57       8 

21 

45 

35*47 

-12 

0 

211 

10 

"       7, 

12       7     10 

21 

44 

9-32 

-12 

8 

131 

8 

"       8, 

11      9    40 

21 

43 

2811 

-12 

12 

4*4 

10 

-       9, 

11     28     63 

[21 

42 

44*02 

-12 

16 

5*7 

10 

The  magnitude  of  the  planet 

is  between  11th  and  12th. 

(2.)  Asteroid  {i2Z). 

1872. 

Ham.  GolL  m.  t 

App.  a. 

App.  d. 

No.  of  comp. 

h.     m.    s. 

h. 

m. 

8. 

e 

/ 

ri 

Aug.  1, 

12       8     29 

21 

67 

30*53 

-10 

4 

55*3 

12 

"       2, 

13     22     13 

21 

56 

39*73 

-10 

6 

42-3 

8 

"      4. 

11     31       8 

21 

65 

4*91 

-10 

10 

165 

6 

"       6, 

12     63     38 

21 

54 

11*34 

-10 

12 

160 

6 

"       7, 

13       8     15 

21 

52 

2713 

-10 

16 

16*9 

10 

"       8, 

12       2     38 

21 

61 

37*20 

-10 

18 

17*3 

10 

*'       9,        12     29     53         21      60     4310         -10      20      26*7  6 

The  magnitude  of  this  planet  is  estimated  about  12th.  On  July 
31  I  succeeded  only  in  obtaining  a  rough  estimate  of  position,  the 
advanced  twilight  not  pennitting  accurate  measurements.  There 
will  be  no  difficulty  in  finding  the  planets  again  after  the  moon- 
light, even  without  ephemerides. 

7,  Spectra  of  star-shine^  nighS4ight^  the  Zodiacal  light ;  by 
C.  PiAZZi-SifYTH. — ♦  ♦  *  And  what  sort  of  spectrum  ought 
such  star-shine  and  night-light  to  offer  to  the  observer  ?  Not  a 
sharp,  aurora-like  line  at  all,  but  something,  according  to  the  manner 
and  locality  of  its  formation,  very  much  like  the  spectrum  of  the 
last  twilight  of  day.  In  fact,  according  to  numerous  observa* 
tions  on  the  Sicilian  ni^ht  sky,  when  free  from  any  accusation  of 
aurora,  I  found  such  night-shme  to  yield  a  short  continuous  spec- 
trum ;  and  that  culminating,  not  at  the  aurora  line  place  of  W .  L. 
5679,  but  near  W.  L.  5360, 

Now  this  place  evidently  corresponds  within  the  limits  of  error 
of  observation  to  that  of  the  last  residual  portion  of  the  continous 
spectrum  of  stronger  daylight  or  sunshine  f  with  the  eclipse  corona 
also,  at  W.  L.  5322),  modified  slightly  oy  the  absorbing  and 
reflecting  powers  of  the  atmosphere.  No  Fraunhofer  lines  are 
seen  in  such  star-shine  spectrum  for  these  reasons;  Ist,  the  con- 
tinuous spectrum  is  too  faint  to  show  any  black  lines  upon  it 
clearly ;  and  2d,  the  slit  used  at  the  time  of  observation  was  too 
broad  to  have  shown  Fraunhofer  lines  even  in  noonday  shine. 
Indeed,  to  see  the  spectrum  of  general  night  star-shine,  the  slit  of 
the  spectroscope  had  to  be  opened  wider  still  than  in  the  case  of 
the  zodiacal  light ;  but  gave  then  a  closely  similar  spectrum ;  and 
thence  we  are  led  to  the  conclusion  that  the  spectrum  of  the  zodi- 
acal light  is  the  same  in  kind  as  that  of  either  star-shine  or  faint 
suosliioe.     Whence  the  further  deduction  is  inevitable,  that  the 
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older  astronomical  theory  of  the  sodiaoal  light  being  the  aolar 
illumination  of  infinitely  small  distant  partioTes  snoh  as  meteon 
revolving  about  the  sun,  whether  in  orbits  of  infira  or  ultra  plu- 
etary  ellipticity,  is  speotroscopically  maintained ;  while,  that  snoh 
solar  zodiacal  li^ht  nas  any^  physi<kl  connection  with  the  essen- 
tially  terrestrial  accompaniment  of  aorora,  is  jost  as  eminently 
negatived  by  the  spectroscope :  for  **  no  two  spectra,"  as  the  lady 
most  truly  said  in  the  Royal  Observatory  at  Palermo,  '^eaa  be 
more  essentially  different  than  those  of  the  aurora  and  the  aodi 
acal  li^bt.  They  are  as  different  from  one  another  as  night  fiom 
day.— Jfon^A/y  JVoiices  Astran.  ihe.^  Jwie^p.  285. 

y.  Miscellaneous  Scientific  iNTELLiaiENCX. 

1.  lAst  of  £!levaiions  and  DUAaneet  in  that  pavtian  of  ike 
United  States  west  of  the  NiaeiBeippi  Itiver;  collated  and 
arranged  by  Pro£  C.  Thoscas,  Assistant  IT.  S.  Greologicai  Surey 
under  Dr.  F.  V.  Haydbn.  32  pp.  12ma  Washington,  1872.— 
We  cite  here  Table  xi,  of  elevations  in  Colorado,  from  this  Tsfai- 
able  catalogue  of  eleyations : — 


Namet  of  Points. 


Altttnde  Above 
the 


14,270 
14,145 
14,123 
14,078 


KuBMofPotnti. 


AMtadsibtTt 


Mount  Harvard  (Whitney), 

Gray's  Peak  •• 

Mount  Lincoln  "  

Mount  Yale  " 

Piko'8  Peak  (Parry), 14,216 

Long's  Peak, 14,056 

Barry's  Peak, 13,133 

Mount  Flora 12,878 

Mount  Wright  (£.  Berthoud*s 

Pass),  11,800 

Cherry  Creek  Divide, 7,675 

Denver, 6,317 

Golden  City, 5,882 

Mount  Vernon, 6,479 

Golden  Gate, 6,226 

Junction    N.    and    S.      Clear 

Creeks, 6,466 

Black  Hawk 7,643 

Central  City, 8,043    On  Pike's  Peak,.. !....'.' 12,000 

Missouri  City, 9,073  j  On  Snowy  Range, 11,800 

Head  Virginia  CiEAon, 9, 690  I  On  Mount  Audubon, 11,325 

Idaho, 7,149    On  Long*8  Peak, 10,800 

Georgetown 8,245   On  Wind  River  Mountains,  — .     10,160 

Berthoud  Pass, 10,896   On  Gilbert's  Peak  (Uinta  Moun* 

Boulder  Pass, 11,670       tains.     Hayden's  survey), ...     11,100 

The  pamphlet  closes  with  the  following  "Remarks:  ** — 

"  An  examination  of  the  foregoing  tables,  together  with  those 
found  in  the  reports  of  the  surveys  of  Professor  F.  V.  Hayden  for 
1870  and  1871,  reveals  some  very  important  facts  in  regard  to  the 
''npography  of  the  west ;  among  which  we  may  mention  the  fol- 
~^  g  as  of  general  interest. 
_U  the  Qano  Estacado,  or  "  Staked  Plains,**  at  their  north* 
axtremity,  imme^tely  aoxxlli  q€  the  Canadian  river,  vaij  in 


Jones's  Pass, 

Argentine  Pass,... 

Oeorgia  Gulch  Pass, 

UtePass, 

■  Vasquez  Pass  (estimated), 

!  Hot  Springs  (Idaho  City), 

I  Hot  Springs  (Middle  Park),  ... 
Soda  Springs  (near  Pike's  Peak), 

i  Gold  Hill, 

Bergen's  Randi  (Jefferson  Co.), 

Jefferson,  South  Paric, 

Tarryall, - 

Foot  Berthoud's  Pass, 

Osbom'B  Lake, 

Velie'sPeak 

Mount  Audubon, 

Umber  Line  (Parrj). 

On  Pike's  Peak, 

On  Snowy  Range, 

On  Mount  Audubon, 

On  Long*s  Peak, 

On  Wind  Riyer  Mountains, 

On  Gilbert's  Peak  (Uinta  Moun- 
tains.   Hajden's  survey), 


Jnti. 
12,400 
13,100 
11,487 
11,200 
11.500 
7,050 
7,725 
6,515 
8,636 
7,751 
9,841 
9,043 
9,335 
8,821 
13,456 
13,402 
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elevation  from  3,200  to  4,000  feet  above  the  sea ;  while  at  the 
southern  extremity,  where  Captain  Pope's  line  crossed  them,  they 
reach  an  elevation  of  4,700.  At  the  north  end  they  are  somewhat 
irregular  and  broken,  the  highest  point  being  near  the  west  mar- 
gin ;  at  the  south  end  they  are  much  more  regular,  the  highest 
point  being  near  the  eastern  flank.  The  average  elevation  of  this 
extensive  table  land  is  about  4,000  feet  above  the  sea. 

The  average  ascending  grade  along  Captain  Pope's  line,  from 
Preston  to  the  margin  of  the  Llano  Estacado,  is  about  ten  feet  to 
the  mile. 

The  average  ascent  along  Lieutenant  Whipple's  line,  from 
Fort  Smith  to  White  Sandy  creek  on  the  margin  of  the  Llano 
Estacado,  is  about  six  feet  to  the  mile.  From  White  Sandy 
creek  to  Laguna  Blanco,  the  highest  point  on  this  line  east  of  the 
Rio  Grande,  the  ascent  is  at  the  rate  of  ten  feet  to  the  mile. 

Along  the  line  of  the  Kansas  Pacific  Railroad,  from  Kansas 
City  to  Denver  Junction,  the  ascending  grade  averages  a  little 
over  eight  feet  to  the  mile.  Along  the  Union  Pacific  Railroad, 
from  Papillion  (a  station  a  short  distance  west  of  Omaha)  to  Chey- 
enne, the  ascent  averages  just  ten  feet  to  the  mile ;  but  if  we  stop 
at  Sidney  it  is  a  little  less  than  eight  feet ;  while  from  Sidney  to 
Cheyenne  it  is  over  nineteen  feet  to  the  mile. 

The  land  ascent  from  Fort  Union,  at  the  mouth  of  the  Yellow- 
stone, to  Fort  Benton,  is  only  about  two  and  a  half  feet  per  mile ; 
bnt  from  there  west  to  the  base  of  the  mountain  it  increases 
rapidly  until  it  averages  about  twenty  feet  to  the  mile. 

These  facts  show  that  from  the  southern  boundary  of  Colorado 
to  the  northern  boundary  of  Nebraska  the  slope  of  the  great  plains 
is  tolerably  uniform,  while  north  (measuring  east  and  west)  it 
decreases  more  rapidly. 

This  is,  doubtless,  owing  to  two  facts;  firaty  the  heaviest  moun- 
tain mass,  from  which  the  supply  of  debris  comes,  lies  directly 
west  of  the  first  section ;  that  is,  between  the  southern  boundary 
of  Colorado  and  northern  boundary  of  Nebraska;  second^  the 
northern  line  is  not  measured  directly  at  right  angles  with  the 
range.  The  line  along  the  Yellowstone  would  give  the  ascent 
more  correctly. 

It  would  be  an  interesting  problem  in  mathematical  geology 
(if  we  may  use  such  a  term)  to  ascertain  the  immense  amount  of 
d6bris  covering  these  vast  plains  which  has  been  washed  down 
from  the  mountains,  and  therefrom  to  form  some  estimate  of  their 
original  height. 

The  average  elevation  of  the  great  mountain  plateau  which 
lies  between  the  Black  Hills  and  Wahsatch  range  is  about  6,500 
feet  above  the  level  of  the  sea,  and  is  about  1,2(*0  feet  above  the 
western  borders  of  the  plains,  and  2,200  feet  above  the  Salt  Lake 
basin. 

The  average  fall  of  the  principal  rivers  is  as  follows : 

Of  the  Rio  Grande,  from  Isleta  to  El  Paso,  about  five  feet  to 
the  mile ;  but  from  Isleta  south  for  some  distance  it  is  about  six 
feet. 
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That  of  the  Peoo6  is  not  more  than  four  ftet  to  the  mile. 

The  Canadian,  from  the  mouth  of  the  PMaiito  croek  lor  two 
hundred  miles  eastward,  is  nine  feet  to  the  mua 

The  Arkansas,  from  the  mouth  of  tibe  Apishp*  river  to  Fcfft 
Atkinson,  eight  or  nine  feet. 

The  South  Platte,  from  Denver  to  its  junction  with  the  North 
Platte,  is  nine  or  ten  feet  to  the  mile ;  while  that  of  the  North 
Platte,  from  Fort  Fetterman  to  the  junction,  is  only  seven  Ibet 
The  Platte  below  the  junction  has  an  Hverage  descent  of  about  nz 
feet  to  the  mile. 

The  fall  of  the  Missouri  river,  from  Fort  Benton  to  the  numth 
of  the  Yellowstone,  is  about  two  feet  to  the  mile;  and  from  the 
latter  point  to  its  mouth,  near  St.  Louis,  it  averages  a  fraction  leM 
than  one  foot. 

Snake  river,  fr*om  the  mouth  of  Ross's  Fork,  north,  about  nx 
feet  to  the  mUe. 

These  facts  in  regard  to  the  average  descent  of  these  ri?en 
furnish  important  data  for  estimating  the  probability  of  utilizmg 
the  water  from  these  streams  in  irrigating  the  bordering  plains." 

2.  Blffect  ofchcmge  of  haromeMe  pressure  on  Imman  oeinas,'^ 
Mr.  Paul  Best  has  shown  that  in  the  destruction  of  life  by  dunin- 
ishing  the  barometric  pressure,  the  direct  cause  is  the  deficiency 
of  oxygen,  and  that  an  animal  that  will  die  with  the  pressure 
reduced  to  18  cm.  (7  inches)  will  endure  a  reduction  to  6  cm. 
(2*4  inches)  before  life  is  extinct,  if  oxygen  be  added.  And  the 
converse  is  also  true  that  the  evil  of  too  great  pressure  comes 
mainly  from  the  too  large  amount  in  that  case  of  oxygen,  dilution 
with  nitrogen  prolon^ng  life.  He  remarks  that  workmen  em- 
ployed at  great  elevations  would  accordingly  find  benefit  in  an 
arrangement  for  supplying  more  oxygen  ;  and  those  occupied  in 
diving  for  pearls,  etc.,  by  a  contrivance  for  supplying  nitrogen. — 
Zes  MondeSy  July  11. 

8.  The  Temperature  and  RainfaU  of  July^  1872  ;  by  C.  Kkut- 
GKN,  Jr.,  Meteorologist  to  the  Board  of  Health,  County  of  Rich- 
mond (Staten  Island),  N.  Y.  (Conmiunicated  for  this  Journal) 
— ^The  month  of  July,  1872,  exhibited  the  highest  temperature 
and  greatest  rainfall  ever  recorded  on  this  island,  for  any  one 
month.  The  temperature  mean  was  78*1,  the  maximum  06,  and 
the  minimum  64*2  degrees.  The  total  rainfall  amounted  to  11*34 
inches.   On  July  26th,  4  *29  inches  of  rain  descended  within  1 2  hours. 

4.  A  Manual  of  QutiUtative  Analysis;  by  Robert  Gallo- 
way, F.C.S.,  etc.,  from  the  fifth  rewritten  and  enlarged  London 
edition,  with  illustrations.  Philadelphia:  Henry  C.  Lea,  1872. 
12mo,  pp.  402. — Prof  Galloway's  books  are  deservedly  in  high 
esteem,  and  this  American  reprint  of  the  fifth  edition  (1869)  of 
his  Manual  of  Qualitative  Analysis,  will  be  acceptable  to  many 
AmericaTi  students  to  whom  the  English  imprint  is  not  accessible. 
The  publisher  does  not  say  that  the  present  issue  has  received  the 
revision  or  approval  of  the  author,  and  the  absence  of  this  infor- 
mation implies  a  doubt  which  a  word  of  affirmative  statement 
would  remove. 
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Art.  XXX. — On  the  nature  and  duration  of  the  discharge  of  a 
Leyden  Jar  connected  with  an  induction  coil;  by  Ogden  N. 
Rood,  Prof,  of  Physics  in  Columbia  College.     Fart  III. 

In  the  first  and  second  parts  of  this  paper,*  I  described  with 
some  minuteness  the  nature  and  duration  of  the  discharge  of  a 
moderate  sized  and  of  a  small  jar,  when  connected  with  an 
induction  coil;  one  important  point  has,  however,  thus  far 
remained  untouched,  ana  to  its  examination  the  present  paper 
is  devoteAf 

*  This  Journal,  Sept,  1869,  and  Sept,  18*71. 

f  Prof.  Joseph  Le  Gonte,  in  a  beautiful  and  elaborate  paper  on  the  subject  of 
binocular  yision  (this  Journal,  July,  1871),  calls  attention  to  me  fact  that  most  writ- 
ers on  Physics,  myself  among  the  number,  make  the  statement  that  Wheatstone, 
in  his  celebrated  memoir  on  the  duration  of  the  electric  light,  ftc.  (Phil.  Tnms., 
1835,  part  ii,  p.  583),  arrived  at  the  result  that  it  lasted  less  than  one-millionth  of 
a  secoDd.  Mr.  Le  Conte,  on  the  authority  of  De  la  Rive  and  Daguin,  regards  this 
as  an  error,  holding  that  the  interval  of  time  assigned  to  the  disdiarge  of  a  Ley- 
den Jar  by  Wheatstone  was  rririnr  of  a  second.  At  the  time  I  wrote  my  first 
paper  on  this  subject,  1  consulted  Wheatstone^s  memoir,  or  rather  the  complete 
translation  of  it  in  Pogg.  Ann.,  bd.  zzxiv,  s.  464,  and  as  1  thought  did  justice  to 
the  daims  of  this  eminent  physicist  The  facts  at  all  events  are  as  follows :  In 
this  memoir  Wheatstone,  after  describing  an  arrangement  by  which  he  supposed 
be  coold  measure  an  interval  of  time  as  small  as  Tfhwn  of  a  second,  says  (trans- 
lating from  the  German):  "I  presented  successively  to  the  mirror  electric  sparks 
four  inches  in  length,  wnich  were  drawn  from  the  prime  conductor  of  an  electrical 
madiine,  discharges  of  a  Leyden  jar,  a  glass  tube  four  feet  long,  in  which  the  elec- 
tric spark  was  obliged  to  spring  over  a  series  of  pieces  of  tin  foil  placed  on  it  in  a 
spiral  manner,  an  evacuated  tube  six  feet  long,  in  which  the  spark  during  its  pas- 
sage generated  an  unbroken  line  of  weaken^  electric  light,  and  finally  different 
figures  as  birds,  stars,  Ac.,  formed  from  electric  sparks.  But  in  all  these  cases  the 
reflected  pictures,  when  they  fell  in  the  field  of  view,  appeared  entirely  unaltered, 
and  exactly  the  same  as  though  they  had  been  reflected  from  a  motionless  mirror.'^ 
Iliis  he  regarded  as  proof  that  the  duration  of  the  discharge  of  a  Leyden  jar,  ftc., 
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When  the  primary  coil  of  an  inductorium  is  coxmected  with 
a  voltaic  battery,  the  act  of  interrupting  the  connection,  as  is 
well  known,  produces  a  current  of  electncity  in  the  secondsiy 
coil,  which  can  be  accumulated  in  a  Leyden  jar,  and  then  dis- 
charged by  a  spark.  Now  it  is  possible,  as  I  shall  show,  to 
adjust  either  the  electrical  surface  of  the  jar,  or  its  striking  dis- 
tance, so  that  with  a  given  coil  only  a  single  spark  will  be  pn>- 
duced  each  time  that  the  battery  circuit  is  broken,  but  in  tlie 
great  majority  of  cases  it  will  happen  that  enough  electricilj 
will  be  generated  to  charge  and  oischarge  the  jar  a  number  of 
times.  The  circumstance  that  electricity  is  continuously  fur- 
nished by  the  coil  during  a  fraction  of  a^second,  is  &vorable  to 
the  production  of  these  multiple  diachargea^  and  it  is  to  their 
study  that  I  would  now  draw  attention. 

Apparatus. 

Much  of  the  apparatus  emploved  was  that  already  described, 
but  it  may  not  be  amiss  to  aad  here  some  details  respectiDg  it, 
which  seem  demanded  by  the  nature  of  the  new  experimenta 

The  coil — This  as  stated  was  a  large  one  by  Bitchie,  arraDsed 
verticallv,  and  made  about  twelve  or  fifteen  years  aga  Mr. 
Ritchie  kindly  informs  me  that  the  primary  coil  consists  of 
about  48*8  meters  of  copper  wire,  having  a  diameter  of  4*23 
millimeters,  and  making  264  turns.  The  diameter  of  the  wire 
in  the  secondary  coil  is  -21  of  a  millimeter ;  its  length  thirty 
English  miles.  I  mentioned  in  the  first  part  of  this  paper  that 
the  simple  sparks  furnished  by  it  did  not,  at  the  time  of  my 
experiments,  exceed  seven  inches, — meaning,  when  the  coil  was 
excited  by  a  moderate  battery,  i.  a,  six  Bunsen  cups. 

The  battery^  Jtc. — In  all  the  experiments  described  in  the 
three  parts  of  this  paper,  the  battery  consisted  of  only  two  Bun- 
sen  cups,  arranged  for  intensity,  and  the  length  of  the  simple 
induction  spark  furnished  by  the  coil  under  these  circumstances, 
blunt  brass  points  being  used  as  electrodes,  ranged  from  48  up 

was  less  than  TrfioTr  of  a  second.  These  experiments^  he  states,  were  afterward 
repeated  with  a  mirror  revolving  800  times  in  a  second,  with  exactly  the  same 
result  "  They  "  (the  images)  "  were  reflected  upwfu^,  as  distinct  and  unaltered 
as  the  objects  themselves,  by  direct  vision."  And  finally,  in  summing  up  his  results 
at  the  close  of  the  article,  Wheatstone  says :  "  The  light  of  electricity  of  high  ten- 
sion has  a  duration  less  than  one-milliondi  of  a  second." 

At  the  time  I  wrote  my  paper  I  was  perfectly  well  aware  that  Wheatstone  men- 
tioned  in  the  same  paper  that  he  had  obtained  for  the  dischitfge  of  a  Leyden  jar, 
taking  place  through  haJf  an  English  mile  of  copper  wire^  a  duration  of  Ti\tTf»  ^  * 
second.  This  I  take  to  be  an  entirely  different  matter  intrinsically,  and  different 
also  from  my  own  experiments,  where  the  circuit  was  as  short  aspoesible,  and  it 
is  easy  to  see  that  a  corresponding  opinion  was  entertained  by  THieatstone  him* 
self,  for  he  remarks  of  his  experiment  where  he  obtained  a  duration  of  f  iici;  of  * 
second :  "  The  leng^ening  of  the  spark  at  the  above  mentioned  interruption  of 
the  wire  was  without  doubt  due  to  the  circumstance  that  the  wire  was  not  Uiick 
enough  to  allow  the  jar  to  discharge  itself  otherwise  than  in  a  socoesslTe  way." 
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to  66  millimeters.  In  the  experiments  about  to  be  detailed, 
the  strength  of  the  battery  current  was  from  time  to  time  tested 
with  a  tangent-conipass,  and  its  constancy  within  narrow  limits 
maintaineoL  In  adaition,  however,  I  from  time  to  time  meas- 
ured the  length  of  the  simple  induction-spark  furnished  by  the 
coil  alone,  blunt  brass  points  being  used  as  electrodes,  a  pro- 
ceeding which  served  to  show  whether  the  automatic  apparatus 
for  breaking  the  circuit  was  working  with  uniformity.  The 
length  of  the  simple  induction-spark  is  quite  a  variable  quan- 
tity, and  I  contented  mvself  with  an  approach  to  its  maximum 
length,  the  electrodes  being  placed  so  mr  apart  that  one-quar- 
ter or  one-third  of  the  breaks  generated  visible  sparks.  Their 
average  length  in  these  experiments  was  54 'S*""*.  Some  varia- 
tion will  be  found  in  this  matter,  but  it  is  never  to  be  attrib- 
uted to  a  corresponding  change  in  the  current  of  the  battery, 
but  rather  to  the  apparatus  for  breaking  the  circuit,  and  to  the 
judgment  of  the  experimenter. 

Leyden  jars, — The  same  Leyden  jars  formerly  mentioned 
were  again  used ;  the  electrical  surface  of  the  larger  one  was 
114*4  square  inches  (738 '06  square  centimeters  nearly),  while 
that  of  the  smaller  one  was  onlv  eleven  square  inches  (70*96 
square  centimeters  nearly).  They  were  always,  when  in  use, 
placed  on  insulating  stands. 

JEJkctrodes. — ^In  the  experiments  described  in  all  three  parts 
of  this  paper,  the  same  set  of  electrodes  was  used ;  the  brass 
balls  had  a  diameter  of  9  millimeters ;  the  platinum  points  con- 
sisted of  wire  with  a  diameter  of  "3  of  a  millimeter ;  they  were 
allowed  to  waste  away  under  the  influence  of  the  explosions, 
never  being  sharpened  by  cutting  or  otherwise. 

AtUomatic  arrangement  for  breaking  the  circuit — This  was 
arranged  with  the  use  of  alcohol  and  mercury,  and  was  so  con- 
trived that  by  weighting  it  the  interruptions  could  be  made  as 
slowly  as  two  per  second,  which  was  quite  essential  in  some  of 
the  experiments.  I  also  made  some  efforts  to  find  whether  the 
nature  of  the  multiple  discharges  changed  as  the  interruptor 
operated  more  rapidly,  but  was  not  able  to  ascertain  that  doub- 
ling or  trebling  its  velocity  made  any  perceptible  difference. 
No  attempt  was  made  to  r^ulate  the  instant  at  which  the  dis- 
charge took  place,  the  experimenter  depending  entirely  on 
chance,  which,  if  it  demanded  a  little  more  patience,  on  the 
other  hand  withdrew  all  interference  from  the  act  of  discharge, 
and  allowed  of  its  study,  if  I  may  use  the  expression,  under 
more  natural  condition& 

Revolving  apparatus, — The  same  train  of  toothed  wheels  was 
used,  a  double  silvered  mirror  being  now  attached  to  the  second 
axis,  reckoning  from  that  with  the  weight  Its  rate  of  revolu- 
tion could  be  varied  from  half  a  revolution  up  to  three  per 
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second  This  rate  was  accuratelj  ascertained  by  causing  the 
lowest  wheel  to  wind  up  a  fillet  of  paper,  on  which  second 
marks  were  at  the  time  impressed. 

Optical  apparatus, — This  consisted  of  an  achromatic  lens,  the 
mirror  just  mentioned  and  a  plate  of  ground  glass.  In  the  ex- 
periments detailed  in  the  present  paper,  the  distance  of  the 
mirror  from  the  ground-glass  was  only  165  millimeters;  the 
lens  was  the  objective  of  an  opera-glass,  as  with  the  lens  pre- 
viously used  by  me  certain  violet  streaks  hereafter  to  be  de- 
scribed were  quite  invisible. 

Micrometers, — ^The  general  micrometric  arrangement  described 
in  part  second  of  this  paper,  under  the  head  "  Micrometer,"  was 
sometimes  employed,  the  strip  of  white  paper  being  replaced 
by  a  small  cylindrical  mirror,  situated  under  the  spart  A 
tube  of  glass  filled  with  mercury  was  used  for  this  purpose. 
On  the  other  hand,  sometimes  an  achromatized  calc  spar  prism 
was  employed,  being  located  between  the  eye  of  the  observer 
and  the  image  on  the  ground-glass  ;  but  for  actual  work,  an- 
other and  much  simpler  proceeding  was  found  to  fiimish  results 
eaually  reliable,  with  an  expenditure  of  less  time  and  patience. 
Tnis  method,  which  at  first  sight  may  seem  rude  and  unreliable, 
consisted  merely  in  holding  on  the  ground-glass  along  the 
path  of  the  elongated  images  a  pair  of  compasses,  and  repeat- 
edly adjusting  them,  till  they  enclosed  a  length  supposed  to  be 
equal  to  that  of  the  image,  actual  comparison  ana  estimation 
both  alike  being  used.      This  length  was  then  transferred  to 

Eaper,  and  the  process  repeated,  until  a  number  of  observations 
ad  been  accumulated,  their  average  being  finally  taken.  With 
electrical  phenomena  of  an  unvarying  nature,  the  other  methods 
would  probably  have  yielded  more  accurate  results ;  but  in  the 
present  case,  where  the  actual  variations  often  rose  as  high  as 
50  per  cent  of  the  quantity  involved,  this  mode,  as  the  follow- 
ing experiment  shows,  is  all  that  could  be  desired. 

I  pasted  a  piece  of  white  paper  on  a  circular  black  disc  as 
shown  in  fig.  1,  and  attached  the  disc  to  an  ordinary  Dove*8 
rotation  apparatus.      A   diminished  image  of   the  disc  and 

strip  of  paper  was  formed  on  a  plate  of  ground- 
glass  by  a  camera  obscura,  tne  ground-ghuss 
being  arranged  so  as  to  be  easily  accessible  to 
the  hands  of  the  experimenter.  The  disc  was 
now  set  in  rapid  rotation  and  illuminated  with 
simple  (not  multiple)  electric  sparks,  and  at- 
tempts were  made  to  measure  the  length  of  the 
image  of  the  strip  of  paper  with  a  pair  of  com- 
passes, in  the  manner  just  indicated.  The  room  was  only  suffi- 
ciently light  to  enable  me  to  perform  this  work,  and  the  meas- 
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urements  were  from  time  to  time  transferred  machanically  to 
paper,  without  inspection.  After  the  end  of  the  experiment, 
the  actual  size  of  the  image  on  the  ground-glass  was  measured, 
furnishing  thus  the  t«st  of  the  degree  of  accuracy  attained. 
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In  the  first  experiment  with  nineteen  observations  the  error  is 
1*8  per  cent,  while  in  the  second,  with  only  ten  trials,  it  is 
about  2-5  per  cent  I  may  remark  here  that  my  friend  Presi- 
dent Morton,  who  r^eated  for  me  some  of  these  experiments, 
obtained  without  difficulty  similar  results. 

Micrometer  disc. — It  was  considered  desimble,  nevertheless, 
to  verify  if  possible  the  results  obtained  with  the  revolving 
mirror,  by  the  aid  of  a  different  and  quite  independent  mode  of 
o  proceeding,  and  for  this  purpose  a  kind  of  mi- 

crometer disc  was  contrived.  Besides  this  office, 
it  also  served  to  unravel  certain  matters  regard- 
k  ing  the  form  of  the  discharge,  which  otherwise 
I  would  have  remained  obscure,  and  it  always 
'  furnished  by  far  the  most  reliable  information, 
relative  to  the  distribution  ahd  number  of  dis- 
charges, included  in  a  multiple  spark.  Let  us 
suppose  that  we  have  a  black  card-board  disc,  with  two  open 
sectors  of  2^"  each,  disposed  as  in  fig.  2.  If  now  this  disc  be 
aet  in  rotation  in  front  of  a  sheet  of  white  paper,  the  latter  being 
illaminated  by  a  multiple  electric  spark,  the  disc  will  present 
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to  the  eye  of  the  obserrer  placed  tan  or  twenty  imdiaH  bdiiad 
it,  ao  appearance  like  that  in  fig.  8.  It  is  evident  tliat  hj  ia- 
oreaBtng  the  rate  of  rotattoo  of  the  disc,  or  hj  «1iTnini»l>ing  the 
angle  between  its  open  secton  the  terminatioa  oS  the  outer 
senea  of  illuminated  sectors,  maj  be  made  to  onncdde  with  dw 
beginning  of  the  interior  series,  when  the  indaded  angle  will 
give  a  measure  of  the  total  duration  of  fhe  phenomeDon.  In 
practice  the  interior  sector  was  cut  in  a  second  and  Bmaller  dist^ 
which  was  placed  on  the  same  axis  with  the  first,  a  portioD  of 
this  latter  being  removed  ao  as  to  allow  of  any  angaur  a^JQBt- 
ment  within  90  .  The  larger  diac  was  graduated  on  its  cucnm- 
ference.  In  some  of  the  experiments  this  arrangement  of 
movable  sectors  was  repeated  for  each  quadrant,  but  as  a  ^mt- 
ral  thing  it  was  found  safer  to  confine  the  operation  to  a  Bmgle 
qnadrant  Besides  this,  the  exterior  portion  of  the  oater  sectv 
was  provided  with  a  prolongation,  oonsisting  of 

•  small  slit,  which  was  very  useful  in  fnmialung 
information  r^arding  the  ntcmber  at  tjie  dis- 
charges in  a  given  case,  as  with  aectoiB  i^''  is 
width  the  images  frequently  overlapped.  Most 
of  the  disc  observations  were  made  with  a  train 
of  toothed  wheels  run  by  a  weight,  the  motion 
proving  sufficiently  uniform.  For  the  highest 
and  lowest  rates,  a  train  of  toothed  wheels  moved  by  a  spring 
was  employed,  the  lowest  wheel  being  allowed  to  run  down 
only  half  a  turn  in  any  experiment,  which  insured  a  greater 
degree  of  uniformity  than  was  absolutely  necessair.  In  the 
disc  experiments  the  highest  rate  used  was  17'4  revolutions  per 
second,  the  lowest  only  2*4.  In  this  last  case  the  disc  was  at- 
tached, not  to  the  terminal  axis,  but  to  its  immediate  neighbor. 

lihnn  and  duration  of  the  discharge  of  ike   larger  jar,  with  braa 

balU  as  eUctrodea. 

In  this  set  of  experiments  the  length  of  the  simple  indnctioa 

spark,  blunt  brass  points  being  used  as  elec- 

]  trodes,  was  48  millimeters. 

Striking  diatartce  1  miliime^. — ^The  form 
I  of  the  discharge  was  quite  simple ;   it  cod- 
sisted  merely  of  three  or  four  instantaneoos* 
I  sparks  following  each  other  rapidly,  tbe  in- 
J  terval  of  time  between  the  last  spark  and  its 
I 'neighbor  being  somewhat  greater  than  the 
"  others.     Fig.  4  roughly  represents  the  ap- 
irance  with  the  revolving  mirror.    Joe 
three  and  four-fold  sparks  occurred  intOT- 
mingled,  so  that  while  tt  was  not  difBcult  to  measure  the  aver 
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age  duration  of  the  mixed  phenomenon,  the  determination  of 
the  duration  of  the  two  constituents  was  more  troublesoma 

Total  duration  with  8  discharges, "0042  sec. 

"  "  "4        "  -0063    " 

This  gives  an  average  interval  between  the  individual  dis- 
charges of  0021  sec 

Striking  distance  2  millimeters, — Only  a  single  discharge  was 
generateo,  and  the  same  was  true  up  to  the  maximum  striking 
distance,  which  in  this  experiment  was  2*6  millimeters. 

Fcrm,  and  duration  of  the  discharges  of  the  larger  jar  with  plati- 
num points  as  electrodes. 

The  length  of  the  simple  induction  sparks  was  48*  millimeters. 

Striking  distance  1  millimeter, — The  form  was  the  same  as 
shown  in  fig.  4 ;  the  number,  however,  varied  commonly  from  2 
to  4,  rarely  reaching  5. 

Total  duration  with  2  discharges, '0020  sec. 

"  "         "4  "         -0064    " 

The  average  interval  was  •0020    " 

Striking  distance  2  millimeters. — The  form  was  still  the  same, 
with  two,  three  and  rarely  four  dischargea 

Total  duration  with  2  aischarges, "0027  sec 

"  "  "3  "         -0061     " 

The  average  interval  was •0028     " 

Striking  distance  8  millimeters, — Two  and  seldom  three  dis- 
charges. 

Total  duration  with  2  discharges, "0040  sec 

Striking  distance  4  millimeters, — Generally  only  one  discharge  ; 
rarely  two.  In  one  disc  experiment  the  interval  between  the 
two  discharges  was  doubtfully  determined  as  •OOSO  sec 

Striking  distance  5  millimeters, — Only  a  single  discharge — 
about  one  spark  in  20  was  double. 

Striking  distance  6  millimeters, — Using  the  revolving  disc,  I 
looked  for  a  long  time  and  was  not  able  to  detect  any  double 
discharges,  so  that  from  6  millimeters  up  to  11  •S  millimeters, 
which  was  the  maximum  striking  distance,  the  discharges 
proved  to  be  simple,  instantaneous  sparks. 

It  would  then  appear  probable  from  these  experiments  that 
an  increase  of  the  striking  distance  is  accompanied  by  a  corre- 
sponding increase  in  the  interval  between  the  sparks  composing 
the  multiple  discharges,  though  upon  the  whole  it  shortens  the 
total  duration  of  the  act,  by  diminishing  the  actual  number  of 
dischai^gea. 
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Akt.  XXXL  —  Notice  of  some  New  Tertiary  and  Post-Tertiary 

Birds ;  by  O.  C.  Mabsh. 

The  discoveries  of  the  last  few  years  have  shown  conclu- 
sively that  remains  of  Birds,  so  long  unrepresented  among 
the  fossils  of  this  country,  are  occasiondly  found  well  preserved 
in  some  of  our  deposits  of  Cretaceous  aga*  Although  still  rare, 
they  are  more  numerous  ia  the  Tertiary  formation;  and  our 
Post-pliocene  beds,  doubtless  rich  in  such  remains,  are  ban- 
ning to  yield  many  interesting  forms  of  this  class.  The 
present  paper  contains  preliminary  descriptions  of  several  species 
of  birds,  which  were  round  by  the  Yale  party  during  their  ex- 
plorations of  last  year  in  the  lower  Tertiary  strata  of  Wyoming. 
To  these  are  added  a  few  species  of  interest  from  the  Post- 
pliocene  of  the  Atlantic  coast. 

Aletomis  nobiliSj  gen.  et  sp.  nov. 

A  large  wading  bird,  nearly  equal  to  a  Flamingo  in  size,  is 
indicated  in  our  collections  by  the  distal  end  of  a  tarso-meta- 
tarsal  bone,  and  by  a  few  other  fragmentary  remaina  The 
former  specimen  resembles  in  its  main  features  the  correspond- 
ing bone  in  the  Cranes,  but  the  inner  or  second  metatarsal 
element  is  more  produced  distally,  and  its  articular  face  has 
the  posterior  tubercle  less  developed.  The  tibia,  also,  has  the 
trochlear  groove  on  the  posterior  face  of  its  distal  extremity 
much  shallower.  The  distal  articular  ends  of  the  second  and 
fourth  metatarsals  are  nearly  equal  in  size,  and  the  foramen 
between  the  third  and  fourth  is  large. 

MeaswremerUs, 

Transverse  diameter  of  distal  end  of  tarso-metatarsal, 16*  ""* 

Antero-posterior  diameter  of  distal  end  of  second  metatarsal,  9*3 

Transverse  diameter, 4'8 

Antero-posterior  diameter  of  distal  end  of  fourth  metatarsal,  1 1  * 
Transverse  diameter, 6* 

The  known  remains  of  this  species  were  found  in  September 
last,  at  Grizzly  Buttes,  Wyommg,  by  Mr.  0.  Harger  of  the 
Yale  party.  The  geological  horizon  was  lower  Miocene,  or 
Eocene. 

Aletomis pernix,  sp.  nov. 

A  smaller  species,  which  may  for  the  present  be  referred  to 
the  same  genus,  is  represented  also  by  some  fragmentary  speci- 
mens, found  together  and  evidently  belonging  to  one  skeleton. 
The  most  important  of  these  remains  is  the  distal  end  of  a 

*  This  Journal,  vol.  zliz,  p.  206,  March,  1870,  and  voL  ill,  p.  360,  May,  18t2. 
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tibia,  which  differs  from  that  of  the  preceding  species,  aside 
firom  its  smaller  size,  in  having  a  deeper  groove  on  the  posterior 
trochlear  surfaca  This  tibia  is,  moreover,  peculiar  in  its  short 
antero-posterior  diameter  between  the  condyles,  which  are  nar- 
row in  front,  and  divergent.  The  opening  below  the  supra- 
tendinal  bridge  is  transversely  oval  in  outline,  and  looks  for- 
ward, and  downward.  The  outer  condyle  has  its  margin  semi- 
circular below,  and  its  external  fiice  is  excavated,  especially 
near  the  anterior  border.  The  species  was  about  as  large  as  a 
Scarlet  ibis. 

Meaauremenis, 

Antero-posterior  diameter  of  outer  condyle  at  distal  end  of 

tibia, 9*  "*'"' 

Transverse  diameter  in  front, 8* 

Vertical  diameter  in  front, 8* 

Width  of  trochlear  groove  on  posterior  face  of  tibia, 6* 

Width  of  opening  below  supra-tendinal  bridge, 2* 

The  specimens  on  which  this  species  is  based  were  found  by 
the  writer,  last  autumn,  near  Henry's  Fork,  Wyoming.  The 
geological  position  of  this  locality  is  essentially  the  same  as 
Uiat  at  Orizzly  Buttes. 

AleU/mis  ventistusj  sp.  no  v. 

Another  species  of  wading  birds,  apparently  belonging  to  the 
genus  AletomiSj  is  indicated  by  the  distal  part  of  a  tibia  in 
perfect  preservation.  This  fossil  has  the  condyles  less  expanded 
m  front  than  in  the  specimen  last  described,  and  the  trochlear 
groove  on  the  postenor  face  is  not  so  deeply  excavated.  The 
supra-tendinal  bridge  is  transverse,  of  medium  width,  and 
almost  entirely  inside  the  central  line.  The  opening  below  the 
bridge  is  a  broad  transverse  oval,  and  looks  forward,  down- 
ward, and  slightly  inward.  The  tendinal  canal  is  broad,  and 
deepest  on  the  inner  side :  its  floor  is  nearly  flat  The  outer 
condyle  has  its  margin  nearly  semi-circular  below,  and  its 
external  face  regularly  concave.  The  inner  condyle  has  a  very 
short  antero-posterior  diameter.  The  trochlear  groove  is  deep- 
est near  its  external  margin,  where  there  is  a  faint  narrow 
channel  This  specimen  indicates  a  bird  about  the  size  of  a 
Curlew. 

Meaawemenia, 

Transverse  diameter  of  distal  end  of  tibia  in  front, 7*3  ""• 

Transverse  diameter  below, 6*2 

Width  of  trochlear  groove  on  posterior  face, 6* 

Antero-posterior  diameter  of  outer  condyle, 7* 

Antero-posterior  diameter  of  inner  condyle, 7* 

Width  of  supra-tendinal  bridge, 2*3 

Width  of  opening  below  bridge, l-O 
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This  unique  fossil  was  found  by  Mr.  G;  M.  Kouibej,  of  ifae 
Yale  party,  in  September  last,  near  Heniy's  Fork|  Wyoming. 

Aktomia  graciUa^  fsp.  nov. 

A  small  aquatic  bird,  about  the  size  of  a  Woodoooik|  ia  repre- 
sented in  our  Wyoming  collections  by  the  proximal  end  td  a 
humerus  in  excellentpreseryation,  and  probably  by  aome  \m 
important  remains.    Tne  species  uius  indicated  may  be  placed 

Srovisionally  in  the  genus  AUtomis^  until  the  diaooyery  of  ad- 
itional  material  determines  more  closely  its  affinities  Vbt 
portion  of  the  humerus  preseryed  resembles  in  its  general  duv* 
acters  the  corresponding  bone  of  the  American  woodcock  f /^ 
lohda  miTior  Gray),  but  differs  fix>m  it  in  having  the  hflid 
broader  vertically,  and  less  prominently  convex,  i^  the  shift 
below  the  head  subtrilateral  m  transverse  section.  Just  beneath 
the  head,  on  the  pahnar  side,  the  sur&ce  is  ooncava 


Oreatest  diameter  of  proximal  end  of  hameras, ..11^  "*' 

Greatest  diameter  of  articular  head, 8*4 

Least  diameter, 3*6 

Least  diameter  of  shaft  below  head, 3*6 

The  specimen  here  described  was  found  by  Mr.  H.  D.  Zi^- 
ler,  in  September  last,  near  Henry's  Fork,  Wyoming. 

Alelomis  belluSj  sp.  nov. 

A  diminutive  species,  about  half  the  bulk  of  that  last  de- 
scribed, and  which  may  for  the  present  be  referred  to  the  same 
genus,  is  indicated  by  the  distal  end  of  a  tarso-metatarsal,  and 
probably  by  a  few  other  isolated  and  less  characteristic  speci- 
mens. The  tarso-metatarsal  is  similar  in  its  essential  features 
to  the  same  bone  in  the  Killdeer  plover  {jfEgtalitis  voctferus 
Cass.),  and  about  the  same  size.  The  outer,  or  fourth,  metatar- 
sal element,  however,  is  more  produced  distally,  and  its  ex- 
toemity  is  obliquely  compressed.  The  trochlear  groove  in  the 
distal  end  of  the  third  metatarsal  is  not  quite  in  the  middle,  the 
outer  articular  surface  being  slightly  the  larger. 

Meaaurtmenta. 
Transverse  diameter  (approximate)  of  distal  end  of  tarso- 
metatarsal,  4-    "^• 

Antero-postcrior  diameter  of  distal  end  of  third  metatarsal,  2' 

Transverse  diameter, 2" 

Antero-posterior  diameter  of  fourth  metatarsal  at  distal  end,  3* 
Transverse  diameter  of  shaft  through  lower  foramen,. ...  8*1 

The  remains  at  present  representing  this  species  were  found 
by  the  writer,  at  Grizzly  Buttes,  Wyoming,  in  September  last 
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Utniomts  lucaris^  gen.  et  sp.  nov. 

A  small  bird  evidently  belonging  to  the  Scansores,  and 

Srobably  related  to  the  Woodpeckers,  is  represented  by  the 
istal  end  of  a  tarso-metatarsal  in  perfect  condition,  and  by 
some  other  fragmentary  remains  of  different  individuals.  These 
specimens  indicate  a  bird  about  as  large  as  the  Golden-winged 
woodpecker  {Oolapies  auratus  Sw.).  'Rie  tarso-metatarsal  bone 
has  the  second  and  fourth  metatarsal  elements  divergent,  and  of 
nearly  the  same  len^h  distally.  The  fourth  is  the  larger,  and 
is  turned  obliauely  inward  and  backward,  its  outer  half  being 
especially  proauced.  The  end  of  the  third  metatarsal  is  largest 
of  all,  and  has  its  extremity  clefl,  somewhat  unequallv,  by  a 
deep  groove.  The  shaft  above  the  union  of  the  three  elements 
is  broad,  and  nearly  flat  in  front.  On  the  posterior  side  it  is 
•  somewhat  concave.  The  foramen  between  the  third  and  fourth 
metatarsals  is  small,  and  the  groove  above  it  quite  narrow. 

Measvremenia. 

Transverse  diameter  of  tarso-metatarsal  at  distal  end, 4*8  °""^* 

Antero-posterior  diameter  of  third  metatarsal, 2' 

Transverse  diameter, 1  '7 

Antero-posterior  diameter  of  fourth  metatarsal, 3* 

Width  of  shaft  through  lower  foramen, 3*5 

The  type  specimen  of  this  species  was  found  by  the  writer, 
last  autumn,  near  Henry's  Fork,  Wyoming. 

Oatarractes  affinis^  sp.  nov. 

A  new  species  of  Catarractes,  somewhat  larger  than  C  lomtna 
Linn.,  may  be  based  upon  a  right  humerus,  which  is  entire, 
and  in  an  excellent  state  of  preservation.  This  specimen  was 
referred  to  by  the  writer  in  the  description  of  Oatarractes  an- 
tiqutUj  from  the  Tertiary  of  North  Carolina,*  and  the  latter  is 
evidently  a  nearly  related  species.  The  present  humerus, 
however,  indicates  a  rather  smaller  bird,  ana  differs  from  the 
corresponding  bone  of  that  species  in  several  particulars.  The 
shaft  on  the  anconal  side  below  the  articular  head  is  roof- 
shaped,  instead  of  being  rounded,  and  the  impression  for  the 
insertion  of  the  second  pectoral  muscle  is  broader,  and  has  its 
margin  less  elevated.  At  the  distal  end,  also,  the  grooves  for 
the  tendons  of  the  triceps  muscle  are  of  unequal  size  in  the 

E resent  species,  the  one  on  the  ulnar  side  being  much  the 
irger. ' 

MeaaureTnents. 

Length  of  entire  humerus, 95* 

Greatest  diameter  of  proximal  end 20*3 

Transverse  diameter  of  distal  end, 10* 

*  This  Journal,  vol.  xlix,  p.  313,  March,  1870. 
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Greatest  diameter  of  articular  head, 14'  "^ 

Least  diameter, b .  7'S 

Greatest  diameter  of  shaft  at  middle, 7' 

Least  diameter, • 4^ 

This  interesting  specimen,  which  belonflB  to  the  Academy  of 
Natural  Sciences  in  Philadelphia,  was  found  bj^  Dr.  A.  G 
Hamlin,  in  the  Post-pliocene  day  near  Bangor,  Maine 

Mehagris  aUua, 

MeUagria  aUua  Marsh.  Procee^nga  Philadelpliia  Academy, 
1870,  p.  11,  and  American  Naturalist,  toL  iv,  p.  817.  IMdwgrk 
mtperbuB  Cope,  Synopsis  Extinct  Batrachia,  eta,  p.  289,} 

This  species,  which  was  based  on  portions  of  four  flkeletom, 
resembles  most  nearly  in  size  and  general  featurea  the  oommoa 
wild  Turkey  of  Nortn  America  {Mdeagria  goBopavo  Lima.).  It. 
may  readily  be  distin^ished,  however,  by  its  more  fllendflr 
proportions,  and  especially  by  the  more  dongated  posterior 
umba  The  more  important  characters  of  the  species  were  giyeu 
by  the  writer  at  a  meeting  of  the  Philadelphia  Academy  (Maick 
8th,  1870),  when  the  discovery  was  announced,  bat  ihroufdi 
an  oversight  the  communication  did  not  appear  in  fiill  in  the 
Proceedings  of  the  Society. 

The  humerus  in  this  species  apparently  diflfers  from  that  of 
the  wild  turkey  in  being  proportionally  longer,  and  in  having 
the  shaft  straighter,  or  less  sigmoid.  The  coracoid  is  elongated, 
and  its  lower  end  expanded  transversely.  Its  pneumatic 
foramen  is  large,  but  not  more  so  than  is  often  seen  in 
the  wild  turkev.  The  femur  and  tibia  are  both  longer  than  in 
the  latter  species,  the  tibia  especiallv  so.  The  tarso-metatarsal 
is  particularly  slender  and  elongated!  The  hypotarsus,  or  cal- 
caneal process,  of  this  bone  has  two  canals  for  the  passi^  of 
tendons,  but  in  the  specimens  preserved,  although  belonging  to 
fully  grown  birds,  there  is  no  osseous  bridge  over  the  inner 
canal,  as  in  the  adult  turkey  and  other  gallinaceous  birds.  The 
bridge,  if  it  existed  in  an  ossifiea  condition,  was  less 
massive  than  in  the  wild  turkey ;  otherwise  some  portions  of  it 
would  have  been  preserved  m  the  present  specimena  The 
calcar,  or  spur,  of  the  male  in  this  species  was  placed  lower  on 
the  tarso-metatarsal  than  in  the  turkey. 

Length  (approximate)  of  humerus, 159'5 

Greatest  diameter  of  proximal  end, 42- 

Greatest  diameter  of  distal  end, 33- 

Length  of  coracoid, 122* 

Transverse  diameter  of  lower  end, 87*6 

Length  of  femur, ISO* 

*"         erae  diameter  of  distal  end^ 31* 


BUB* 


1^  Transv< 
■^Length 
^^^anav 
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jength  of  tibia, 248* 

rransYerse  diameter  of  distal  end, 18* 

jength  of  tarso-metataraal, 176*6 

[VansYerse  diameter  of  proximal  end, 23' 

Mstance  from  proximal  end  to  spur, 110* 

The  specimens  here  described  were  found  in  the  Post- 
)liocene  deposits  of  Monmouth  County,  New  Jersey. 

Meleagris  celer,  sp.  nov. 

A  much  smaller  species  of  the  same  genus  is  represented  by 
wo  tibisB  and  the  proximal  half  of  a  tarso-metatarsal,  whicn 
were  found  together,  and  probably  belonged  to  the  same  indi- 
riduaL  The  tibia  is  slender,  and  has  the  shaft  less  flattened 
Tom  before  backward  than  in  the  last  speciea  The  distal  half 
)f  the  shaft  has  its  anterior  face  more  distinctly  polygonal.  From 
ihe  head  of  the  tibia,  a  sharp  ridge  descends  a  short  distance  on 
he  posterior  face,  where  it  is  met  by  an  external  ridce  of  sim- 
lur length.  The  tarsometatarsal  has  the  external  rid^e  of  the 
proximal  end  more  prominent,  and  the  posterior  tendmal  crest 
inore  ossified  than  in  the  larger  species.  The  remains  preserved 
ndicate  a  bird  about  half  the  bulk  of  M.  aUus, 

MeasurmnentB, 

Length  of  tibia, 183*   '^°** 

Greatest  diameter  of  proximal  end, 34* 

Fransverse  diameter  of  shaft  at  middle, 9*6 

Fransyerse  diameter  of  distal  end, 16*5 

Anteroposterior  diameter  of  outer  condyle 16* 

Fransverse  diameter  of  proximal  end  of  tarso-metatarsal,  19* 

^tero- posterior  diameter, 14* 

The  known  specimens  of  the  present  species  are  from  the 
Post-pliocene  of  Monmouth  County,  New  Jersey. 

Orus  proavus^  sp.  nov. 

An  extinct  species  of  Crane,  somewhat  smaller  than  Orus 
Canadensis  Temm.,  is  indicated  in  the  collections  of  the  Yale 
tf  oseum  by  a  nearly  perfect  sternum,  a  femur,  and  a  few  other 
less  important  remains,  which  are  probably  all  parts  of  the 
same  skeleton.  The  sternum  apparently  resembles  most  nearly 
bhat  of  the  Sand-hill  Crane,  but  diflfers  essentially  from  it  in 
Qot  having  the  grooves  for  the  coracoids  meet  on  the  median 
line.  They  are  in  fact  separated  from  each  other  by  a  space 
Dearly  equal  to  the  width  of  the  adjacent  groove.  The  sternum 
is,  moreover,  less  constricted  near  the  middle  than  in  C.  Can- 
adefisis.  The  femur  differs  from  the  corresponding  bone  in 
that  species  mainly  in  having  the  shaft  less  curved :  in  other 
respects  the  resemblance  is  close. 
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Width  of  sternum  between  outer  ends  of  oonooid  gBQ!0VC%  4Mr  "^ 

Width  of  sternum  at  middle, •«•     M* 

Distance  between  coracoid  grooves^ • i* 

Length  (approximate)  of  femur, ...••.  126* 

Transverse  diameter  of  shaft  at  middle, IS'f 

Transverse  diameter  of  distal  end, ,  •     i6* 

The  remains  on  which  this  species  is  established  are  likewise 
from  the  Post-pliocene  deposits  of  Monmouth  County,  New 
Jersey. 
Talo  OoUfige,  New  Haveo,  August  OStii,  IStS. 


Abt.  XXXn.— Qyi  Ike  Oviducts  andJBmbnfobm 

by  Edwabd  S.  Mobse,  PkD.    With  Plate  IIL 

For  several  years  past  I  have  made  a  spedal  study  of  As 
Brachiopoda.  The  publication  of  the  results  of  these  investiffir 
tions  has  been  purposely  delayed,  till  I  coxQd  iucontestably  ae 
monstrate  the  genital  nature  of  the  Cuvieriau  hearts,  so  plainlj 
shown  to  be  oviducts  by  Hancock  and  Huxley,  and  till  some- 
thing at  least  could  be  given  of  the  embrj^ology  of  some  brachi- 
opod.  For  these  two  matters  I  have  visited  rJastport,  Maine, 
for  the  third  time,  and  now  my  heretofore  ftnitless  endeavors 
have  been  met  with  success. 

The  results  of  these  observations  were  communicated  at  the 
19th  of  June  meeting  of  the  Boston  Society  of  Natural  Histoir. 

I  had  before  seen  the  ciliary  lining  of  the  oviducts  in  Lingula 
and  Terebratulina,  but  I  wished  to  see  the  eggs  in  their  actual 
passage  through  the  tubes.  This  I  have  now  repeatedly  ob- 
served in  Terebratulina.  The  eggs  were  seen  discnarged  from 
the  sinuses  in  the  pallial  membrane,  afterward  floating  freely 
in  the  perivisceral  cavity ;  the  eggs  were  then  seen  gathered  at 
the  trumpet -shaped  mouth  of  the  oviduct,  and  nave  been 
watched  as  they  were  slowly  passing  through  the  tube  and  have 
been  caught  as  they  were  discharged  at  the  external  orifice 
These  eggs  have  then  been  foUowea  in  their  development  until 
thev  assumed  the  form  of  a  deeply  annulated  embryo,  composed 
of  lour  distinct  rings,  which  had  a  marked  vermian  contraction 
upon  each  other.  At  this  stage  they  appeared  to  be  attaching 
themselves  by  the  caudal  segment  During  the  latter  part  of 
this  examination  my  embryos  were  unfortunately  lost  I  had 
not  the  neccessary  appliances  to  keep  the  water  at  the  frigid 
temperature  they  were  accustomed  to,  and  the  increased  tem- 
perature of  the  water  led  to  a  rapid  development  of  ParamsBcia, 
and  other  infrisoria,  and  my  poor  embryos  were  ruthlessly  eaten 
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I  have,  however,  nearly  three  hundred  outlines  of  the 
ryos  during  their  development,  a  few  of  which  are  presented 
I  this  brief  communication.  Next  year  it  is  hoped  a  com- 
6  history  of  their  development  will  be  made,  as  many  things 
3  been  observed  in  their  proper  management  of  which  I  shSl 
it  in  my  next  attempt 

here  was  also  discovered  prominent  glands  at  the  external 
lings  of  the  oviducts  in  Terebratulina,  which  I  have  every 
on  to  believe  represent  the  testes.  These  glands  sur- 
ided  the  external  orifice  of  the  oviducts,  which  protruded 
ewhat  from  the  anterior  walls  of  the  body,  and  the  glands 
e  invariably  found  filled  with  spermatozoa, 
rom  Eastport,  Maine,  I  hurried  to  the  St  Lawrence,  with  the 
es  of  securing  some  data  regarding  the  embryology  or  early 
;es  of  another  brachiopod  found  there,  EhynchoneUa  psit- 
a.  I  was  altogether  too  late  for  this,  but  had  the  pleasure 
jtudying  EhynchoneUa  alive^  to  note  the  ciliary  action  in  the 
lucts  driving  currents  outward,  and  to  establish  the  correct- 
3  of  Owen's  supposition  that  the  arms  of  Bhynchonella  can  be 
truded.  A  jar  of  specimens  dredged  by  Dr.  P.  P.  Carpenter, 
>  kindly  accompanied  me  fix>m  Montreal,  was  left  standing 
listurbed  for  twenty-four  hours,  when  one  of  the  specimens 
truded  its  arms  their  entire  length  fix>m  the  partially  opened 
Qs.  I  Doured  the  sea  water  carefully  out,  and  suddenly 
jed  in  the  strongest  alcohol,  and  the  specimen  is  now  pre- 
red  in  this  exerted  position. 

bhn  E.  Gavit,  Esq.,  and  Dr.  Thomas  T.  Sabine  of  New  York, 
owed  all  my  examinations  at  Eastport  In  a  forthcoming 
noir  of  the  Boston  Society  of  Natural  History  all  the  details 
these  examinations  wiU  be  given. 

Explanation  of  Platb  ni. 

OtmiaiB, 

je  1.  Glandular  organs  supposed  to  be  testes,  seen  from  below. 
*■    2.  Portion  of  left  oviduct  with  its  relation  to  the  supposed  testis,    a,  ovi- 
duct   6f  its  external  opening,    c,  testis. 

*  3.  Left  oviduct  as  it  appears  from  the  front  through  perivisceral  walL    a, 

oviduct  6,  its  external  opening,  c.  internal  opening,  d,  ovaries  in 
pallial  membranes,  t,  left  divaricator  muscle.  F.  r.  f.  Eggs  entering, 
passing  through,  and  escaping  fVom  oviduct 
'  4.  Right  oviduct  seen  fh>m  behind,  a,  intestina  hh,  anterior  occlusor 
muscles,  c  oviduct  (2,  internal  mouth  of  oviduct  held  in  the  ilio- 
parietal  band  *'  like  a  landing  net  in  its  loop."  e,  ilio-parietal  band. 
/,  ventral  mesentery,    y,  accessory  heart  of  Hancock. 

*  6.  External  orifice  of  oviduct 

. — ^The  severed  portion  of  intestine  is  thrown  into  folds,  in  oonsequenoe  of  thft 
contraction  of  the  outer  wall  of  intestine. 

MimJbryology, 

u  1  to  12,  showing  various  stages  of  embryo. 
L  6  and  8,  partial  side  views. 
I.  7  and  11,  side  views. 
12,  partial  end  view. 
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Abt.  XXXnL— Erratum  ofAe  Errata,  or  ^'A  Fmo  MSOumf 

by  Alfred  M.  Matsb,  PLD. 

I  AH  indebted  to  Mr.  A.  Cowper  SaD^aid,  of  London,  fiv 
calling  public  attention  to  errors  existing  in  the  iUastzaiiTe  ^h 
pendix  to  a  research  entitled  "  Acoostical  Experimeatai  kc/* 
which  article  of  mine  the  editor  of  NcUure  honored  with  a  re- 
publication in  his  ioumal,  on  May  9, 1872. 

The  existence  of  these  errors  has  been  known  to  me  ainoe  a 
few  weeks  after  the  original  publication  of  my  paper ;  bat  as 
they  did  not  affect  in  the  least  the  subject  proper  of  the 
research,  and  would  be  apparent  to  anyone  who  mignt  take  the 
trouble  to  review  the  calculations,  I  allowed  them  to  pass  un- 
noticed ;  and  even  now  I  would  not  pursue  the  subject  furtihflr 
had  Mr.  Banyard  really  corrected  my  errors ;  but  he  has  Atm- 
«e^  committed  the  error  of  *'  A  Few  Millions"  (the  title  of  his 
communication),*  which  he  would  attribute  to  me,  when,  in 
these  words,  he  undertakes  the  correction  of  my  figures: 
"  Taking  the  velocity  of  light  as  186,800  miles  per  secono,  and 
the  wave-length  of  Di,  as  given  by  Angstrom,  at  0*00058950 
millimetres,  gives  5,058,700,000,000,000  vibrations  per  second, 
or  a  little  more  than  Jive  thousand  millions  of  millions^  instead 
of  a  little  less  than  six  hundred  millions  of  millions  vibrations 
per  second,  as  given  by  Dr.  Mayer."  The  following  is  the  cor- 
rect calculation : 

186,300  miles=  298,212,000,000  mUUmeters  _  605,870,000,000,000 

•0006896  millimeter  »       >       >      i 

and  5,058,700,000,000,000  (Mr.  R's  result)  minus  605,870,000,- 
000,000  (Mr.  M.'s  result)  gives  Mr.  Ranyard  4,552,880,000,000,- 

000  tremors. 

Thus  it  appears  that  both  Mr.  Ranvard  and  mvself  can  com- 
mit errors  in  simple  arithmetic  ;  but  1  am  sure  that  our  mutual 
friends  will  not  attribute  them  to  want  of  sufficient  mathemat- 
ical culture  to  accomplish  "  a  simple  rule-of-three  sum,"  (A.C.B.) 
He  that  is  without  sin  let  him  first  cast  a  stone.  I,  however, 
do  not  wish  Mr.  Ranyard's  errors  in  any  way  to  extenuate  my 
own  greater  negligence,  which  has  difigurea  the  appendix  of 
my  paper;  containing,  as  it  does,  "some  strange  numerical 
errors,  which  perhaps  it  will  be  well  to  point  out,  lest  some 
of  'vour  readers  should  make  use  of  the  numbers  given  at  the 
end  of  the  paper  without  previously  testing  theuL       (A.  C.  R) 

1  will,  therefore,  ask  my  readers  to  substitute  the  following  for 
the  second  paragraph  under  the  heading  of 

"  Quantitative  Relations  in  the  experiments  and  analogical  fads  in 
phenomena  of  light,^^ 

*  See  Kaiure,  June  20,  1872,  p.  142. 
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We  wUl  now  examine  the  analogical  phenomena  in  the  case 
of  light  Let  fork  No.  1,  giving  256  vibrations  a  second,  stand 
for  508,780,000,000,000  vibrations  a  second ;  which  will  be  the 
number  of  vibrations  made  by  the  ray  Dj  of  the  spectrum,  if 
we  adopt  800,000  kilometers  per  second  as  the  velocity  of 
light  Then  fork  No.  3  will  represent  504,750,000,000,000  vibra- 
tions per  second;  which  latter  give  a  wave-length  "0000048 
millimeter  longer  than  that  of  Di  and  belong  to  a  ray  removed 
from  D|,  toward  the  red  end  of  the  spectrum,  by  eight  times 
the  distance  which  separates  Dj  from  Dj.  We  saw  that  fork 
No.  8,  giving  254  vibrations  a  second,  had  to  move  toward 
the  ear  with  a  velocity  of  8*784  feet  to  give  the  note  produced 
by  256  vibrations  per  second,  emanating  from  a  fixed  fork ;  so, 
if  a  star,  which  only  sends  forth  those  rays  which  vibrate 
604,750,000,000,000  times  a  second,  should  move  toward  the 
eye  with  a  velocity  of  2,442  kilometers,  or  1,517  miles,  its  color 
would  change  to  that  given  when  D ,  emanates  from  a  stationary 
soda-flame. 


AbT.   XXXIV. —  On  some  points  in  the  Geology  of  the  South- 
west;  by  E.  W.  Hilgard,  of  the  University  of  Mississippi 

The  third  annual  Report  of  the  Geological  Survey  of 
Louisiana,  by  Prof  F.  V.  Hopkins,  contains  a  number  of 
statements  and  discussions  controverting,  apparently  at  least, 
some  of  the  facts  and  views  heretofore  published  bv  me, 
especially  as  regards  the  quaternary  history  of  the  Mississippi 
Valley  and  Gulf  of  Mexico.  While  some  of  the  points  maae 
by  my  respected  fiiend  are  based  merely  upon  misunderstand- 
ings, there  are  others  which  result  from  material  differences  in 
the  apprehension  of  &ct8,  and  as  such  require  notice  at  my 
hands. 

As  regards  the  inadmissibility  of  Prof  Hopkins^s  conjecture 
that  the  Labrador  current  may  have  been  instrumental  in  dis- 
tributing the  drift  over  the  Mississippi  Valley,  I  have  little  to 
say  that  could  add  to  the  cogency  of  Prof  Dana's  remarks  on 
the  same  subject,  in  the  August  number  of  this  Journal. 
The  southern  drift  bears  everywhere  the  character  of  a 
deposit  formed  by  **  fresh  water  in  a  state  of  violent  flow, 
and  devoid,  or  nearly  so,  of  animal  life,"  as  I  have  repeatedly 
stated,  on  the  strength  of  an  array  of  evidence  against  whicn 
my  friend  does  not  bring  a  single  paleontological,  lithological, 
or  stratigraphical  fact  For  the  origin  of  that  flood  I  do  not 
hold  myself  responsible;  but  I  must  demur  to  the  broad  and 
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tmqaalified  statementa,  that  &e  dzift  "mart  date  fiom  the 
penod  of  depressioTi,"  and  that  "  daring  a  Um^  period  afkv  fta 
deposition  of  the  drift  the  land  stood  at  about  HmvnmKA  Isnl, 
allowing  the  valleys  to  be  cat  into  the  drift,  eta      I^  as  FnC 
Hopkins  aasomea,  the  contineDt  was  so  »r  deonoMd  as  to 
allow  the  Labnwlor  cuire&t  to  swe^  down  die  lusnastpfn  Ti^ 
ley,  how  does  he  account  for  the  ooouirenoe  of  the  lai^  roaaU. 
pebblee  in  the  Calcasieu  wells,  at  a  depth  of  460  fbet,  and  tte 
extension  of  the  drift  beds  (ssaumed  bv  himself  and  donbtlcH 
oorreotl;)  far  out  beneath  the  Oulf  of  Mexioo?    Or  is  he  im- 
pared  to  admit  that  an  ooean  current,  with  a  minimiim  dcfitb  of 
1,160  plus  460  feet  on  the  Qalf  shore,  ooold  ndl  pebbks  am   \ 
hundreds  of  miles  of  "continent"  or  plateaa,  and  toen  and  dMN  I 
feim  depostte  with  the  wavj  stratifioaticHi  of  river  aUarinm,  and    ! 
totally  aevoid  of  marine  fondls?    So  br  aaooreaqMrienoeflot^    j 
a/u^ow  running  water,  or  the  6az  and  refioz  of  wave*  and  tidai,    < 
alone  produce  such  structore;  and,  if  ao^  the  Onlf  shore  mot 
have  been  elevated  to  the  extent  <^  at  least  460  fiset  abore  ill    | 
preseat  level,  at  the  time  the  Calcasieu  drift  was  dfl{)orited.t  *  j 
Moreover,  the  Calcasieu  profiles^  show  most  oonvinouigly  the    ' 
existence  of  ridges  of  denudation  at  the  drift  sur&ce,  as  well  a8 
beneath  it ;   and,  similarly,  subterranean  ridges  of  drift  mate- 
rial are  frequently  struck  in  wells  on  the  Missiaaippi  coastf 
The  drift  materials  are,  equally,   the  last  thing  so  &r  found 
beneath  the  Port  Hudson  clays  in  the  Mississippi  bottom ; — to 
what  extent  they  have  filled  up  that  ancient  trongb,  fatuie 
borings  must  determine. 

I  cannot,  therefore,  see  on  what  grounds  Frof.  Hopkins  as- 
sumes that  the  erosion  of  the  drift  surface  took  place  while  the 
land  stood  "  nearly"  at  its  present  level  If^  as  I  expect,  drift 
gravel  should  be  found  underlying  the  strata  of  the  New  Oi^ 
bans  well,  the  minimum  elevation  of  the  ^If  coast,  durinf 
and  even  after  the  Drift  period,  would  be  increased  by  seveiu 
hundred  feet  And  I  cannot  refrain  from  once  more  calling 
attention  to  the  obvious  difference  between  the  chemical  statos 
of  the  stratified  drift  of  the  South,  and  that  of  Hliuois  and  In- 
diana.  In  the  latter,  lignitized  trees  and  layers  of  muck  are 
abundant,  indicating  submersion  at  a  comparatively  recent 
period;  while  the  "orange  sand"  of  the  Soutliwest,  as  hereto- 
fore repeatedly  stated  by  me,  as  a  rule  contains  nothing  that  is 
capable  of  further  oxidation  or  solution  by  atmospheric  agen- 
cies, unless  it  be  silex.  Such  complete  peroxidation  and 
lixiviation,  the  efiects  of  which  have  laigely  extended  into 
underlying  formations,  \  UDquestionably  indicate  a  long  sab- 
agrial  exposure,  from  which  the  Northwefitwn  atratifiea  drift 
was  in  a  great  measure  exempt 

•  Tbis  Jauraal,  HoTember,  1869,  p.  386.  t  Itrid,  9.  8M. 

f  Uiia.  BepoTt,  1B60,  pp.  IB  and  19.  |  Wm.  Bmp^  I860,  f.  tL 
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As  regards  the  later  formations,  I  note  that  the  propriety  of 
substituting  Dana's  prior  name  of  *'  Champlain  penod  by  that 
of  "  Bluflf  period,"  as  proposed  and  carried  out  by  Prof  Hopkins, 
seems  to  me  at  least  doubtful  A  descnptive  name  should  at 
least  give  the  predominant  and  essential  character  of  the  greater 
part  i)f  the  formations  concerned.  That  Swallow's  name,  as 
applied  to  the  Loess,  is  preeminently  characteristic,  no  one  that 
loiows  that  formation,  as  invariably  exhibited  on  the  Mississippi 
and  its  great  tributaries,  will  deny ;  while,  apart  from  the  Port 
Hudson  bluff  itself,  few,  probably,  besides  rrof.  Hopkins  and 
myself^  know  of  any  prominent  example  of  blufls  formed  by  the 
Port  Hudson  strata — a  formation  as  positively  characterized  by 
plateaus  and  prairies,  from  Pensacola  to  the  Bio  Grande,  as  the 
lioess  is  by  "blufis,"  As  for  the  Yellow  Loam  and  its  equiv- 
alents, spread  like  a  blanket  over  the  whole  country,  up  hill 
and  down,  it  is  peculiarly  apt,  if  in  situ,  to  be  absent  from  bluff 
banks. 

The  name  apart,  I  am  constrained  to  believe  that,  while  appar- 
ently differing  widely  from  me  in  his  interpretation  of  the  strata 
penetrated  in  the  New  Orleans  artesian  well  of  1856,  he  never- 
theless agrees,  substantially,  in  all  but  the  use  of  a  name.  For 
when,  on  p.  185,  he  speaks  of  the  Port  Hudson  strata  as  *'  the 
delta  formed  by  the  Mississippi,  from  the  end  of  the  Drift 
period  to  the  banning  of  the  era  of  the  Loess,''  he  merely 
differs  from  me  in  conferring  the  name  of  the  **  Mississippi 
upon  that  broad  expanse  of  swamps,  marshes,  and  lagoons 
wnich  then  filled  the  trough  remaining  after  the  Drift  period, 
and  through  which  the  continental  waters  made  their  way  as 
best  they  might  In  this  broad  sense,  I  cheerfully  admit  the 
whole  of  the  strata  underlying  New  Orleans  to  be  "Mississippi 
delta  deposits."  Similar  ones,  however,  were  at  that  time 
forming  all  along  the  northern  and  western  Gulf  border,  con- 
stituting the  "  blue  clay  bottom  ;"  which,  is  as  well  known  on 
the  coast  of  Alabama  and  Texas,  as  is  the  sudden  seaward 
slope  at  a  variable  distance  from  the  main  land,  that  •Prof. 
Hopkins  erroneously  supposes  to  be  peculiar  to  the  mouths  of 
the  Mississippi,  and  to  be  formed  by  river  deposit 

But  while  the  modem  delta  deposits  proper  everywhere  ex- 
hibit an  abundance  of  drift-wood  particles,  and  a  rapid  alterna- 
tion of  character  corresponding  to  the  frequent  rise  and  fall  of 
the  river:  the  deeper  deposits  of  the  New  Orleans  well  lack  both 
these  characteristics,  being  remarkably  uniform  through  consid- 
erable thicknesses  of  material.^  True,  the  shells  so  far  as  pre- 
viously known  are  of  living  species ;  but  so  far  as  I  am  aware, 
nothing  else  is  expected  of  quaternary  marine  beda  Yet  the 
fiuct  that  three  or  four  of  the  species  are  not  now  known  to  be 

*  See  "  Beport  on  the  Age  of  the  Delta,"  in  Bep.  U.  8.  Eng.  Dept  for  1870. 
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living  in  the  Gulf  or  elsewhere,  conveys  a  hint  that  when  tliesa 
"  delta  "  deposits  were  made,  the  present  state  of  things  had  not 
come  to  pass.  From  the  somewhat  arbitrair  abmdpoint  of  some 
pa1eontologt!^te,  the  strata  in  question  wonla  even  nave  to  doom 
under  the  head  of  marine  Pliocene ! 

I  confess,  also,  to  a  violent  distrust  of  the  chemical  metbodtf 
identifying  formations,  as  applied  b;  my  Mend  to  depositi  ■> 
exceedingly  variable  in  their  nature,  and  over  such  extensn 
areas.  Had  ho  gone  to  Nuw  Orleans  instead  of  Arka^aa,  be 
might  have  founa  in  the  "drove  wells"  of  that  ci^  about  n 
great  a  variety  of  waters,  as  the  two  extremes  he  refen  to  as 
characlerizing  the  Port  Hudson  and  river  deposit  watei^ 
respectively.  That  "at  various  points  between  Baton  Boi^ 
and  Arkansas,  the  alluvium  is  over  a  hundred  feet  in  depth," 
I  have  not  the  slightest  doubt ;  for  the  same  is  trae  of  the 
Mississippi  river,  whose  ancient  channels  everywhere  traverse 
the  bottom.  I  therefore  seriously  demur  to  the  sufficiency  f£ 
the  proof  intended  to  be  conveyed,  that  such  is  the  least 
aven^  depth  of  the  ailoviuDi. '  All  direct  stratigraphioil 
'Observations  heretofore  made  have  led  the  observere  to  a  oon- 
.  trary  conclusion.* 

As  regards  the  Loess  and  Yellow  Loam,  I  observe  that  Prot 
Hopkins  assigns  to  the  age  of  the  latter  sundry  deposits  partly 
of  earlier,  partly  of  later  date,  whose  nature  and  distributioa 
differs  entirely  from  that  of  the  Yellow  Loam  proper.  His 
description  of  the  material  as  "a  clayey  silt,  retaining  a  remark- 
able fineness  of  character  over  large  areas,"  can  appYy  but  veiy 
rarely  indeed  to  the  fonnation  I  nave  so  designated ;  which  u 
predominantly  a  loam  or  brick  clay,  always  containing  more  ot 
less  coarse  sand,  but  modified  somewhat,  in  accordance  with  the 
nature  of  the  underlying  strata,f  in  Louisiana  as  well  as  else- 
where. This  is  the  case  even  where  it  is  in  situ ;  but  where,  as 
in  the  case  mentioned  by  him  as  occurrinp;  on  Sicily  Island  ft>. 
177),  it  is  merely  a  talus,  comminffled  wim  the  other  materials 
furnished  by  the  degradation  of  the  hills,  it  of  courae  will  be 
changed  according  to  the  nature  and  amount  of  the  admixture.} 
I  doubt  that  there  is  any  Yellow  Loam  to  be  found  in  aita  on 
Sicily  Island 

The  fine,  more  or  leas  indurated  silts,  forming  perpendicular 
walls  when  eroded,  to  which  Prof.  Hopkins  refers,  are  clearly  an- 
terior in  time,  and  distinct  from  the  Yellow  Loam  proper;  as  may 
be  seen  at  Port  Hudson  itself,  and  at  numerous  points  along 
the  edge  of  the  Loess  region  in  Mississippi,  where  a  gradaai 
transition  into  the  Loess  proper  is  frequently  observable^    It  b 

•  See  Humphre^'B  and  Abbot's  Beport  OD  the  l[ini««lp|d  river;  tbis  JomlMli 
December,  1871,  p.  402;  Proceed.  Am,  Asaos  Adv.  ScL,  187],  p.  362. 
\  Miss.  Oup.  1870,  p.  197,  et  >1. 
f  Mu&  Rep.  1860,  pp.  319-20,  ud  198,  §334. 
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this  reason  that  I  have  regarded  the  upper  yellow  silt 
am  at  Port  Hudson  as  the  probable  equivalent  of  the 
s,  or  at  least  of  its  lower  portion  ;f  and  the  same  applies, 
y  view,  to  the  materials  exhibited  as  forming  the  level  por- 
of  Sicily  Island,  on  the  banks  of  Lake  Louis ;  as  well  as, 
ing  fix>m  description,  to  the  body  of  the  Bayou  Ma^on 
Similar  materials  underlie  the  very  well  defined  Yellow 
Q  stratum  on  the  fertile  Cote  Qel6e,  and  the  Opelousas 
ie ;  while  farther  west,  where  these  silts  themselves  have 
ed  the  soil,  we  have  the  poor  white,  putty-like  soils  of  the 
isieu  pine-flats  and  "  Bay  Galls ;"  or  the  ashy  ones  of  the 
praines.  That  the  character  of  the  Yellow  Loam  proper 
still  substantially  the  same  even  in  this  latitude,  is  shown 
ts  outliers  on  the  Five  Islands,  where  (e.  g.,  at  Weeks* 
d)  the  loam  is  undistinguishable  from  that  overlying  the 
s  in  Adams  and  Jefferson  counties.  Miss. 
the  upland  regions  of  Louisiana,  as  well  as  in  those  of  the 
ning  States,  there  is  generally  little  difficulty  in  recogniz- 
the  Yellow  Loam,  where  the  ridges  are  not  too  abrupt ; 

Kt  in  so  far  that  it  is  oftentimes  not  easy  to  determine 
er  it  is  in  its  original  place,  and  that  sometimes  a  hardpan 
ition  stratum  between  it  and  the  drift  materials*  is  alone 
)n  the  hilltops.  It  is  only  near  the  larger  river  channels 
its  true  geological  relations  can  be  clearly  observed. 
*  course,  not  onlv  do  we  find  all  over  the  country  materials  of 
t  or  less  indefinite  position  and  composition,  resulting  from 
x^tion  of  the  aqueous  and  atmospheric  agencies  that  have 
at  work  since  the  deposition  of  the  Loam;  but  at  times  we 
ind  the  geological  place  of  the  Loam  occupied  by  materials 
ng  not  the  least  resemblance  to  its  usual  facies.  Such  is 
ase,  e.  g.,  on  the  sandy  uplands  of  south-east  Mississippi, 
«  a  6  to  8  foot  stratum  of  sandy  hardpan,  fertile  and  quite 
ict  from  any  materials  of  the  drift,  caps  all  the  ridges-f  Its 
itions  into  the  common  Loam  confirm  the  conclusion  de- 
[  from  its  position ;  just  as  is  the  case  in  the  cretaceous 
ies  and  **flatwoods."t 

•nceming  the  Grand  Gulf  group,  I  have  to  remark  that  I 
<  differ  from  my  friend  as  to  the  uselessness  of  **  speculating 
.  the  absence  of  animal  life  in  the  waters  that  deposited  it, 
its  outlines  shall  have  been  fully  made  out  in  Texas.** 
ling  that  can  be  found  in  Texas  or  elsewhere  can  in- 
ate  the  facts  observed  in  Alabama,  Mississippi  and  Louisi- 
Qear  to  the  main  axis  of  the  Mississippi  embayment ;  where 
naximum  development  of  all  the  post-cretaceous  forma- 
on  the  Gulf  border  has  manifestly  taken  place.  If  a  slice 
-mation  125  miles  wide  at  one  point,  over  200  feet  in  thick- 

08  Jour.,  Jan.,  1 869,  p.  80.  j  Mias.  Rep.,  p.  198,  §336. 

m,  Bep.,  p.  304.  |  Ibid.,  pp.  198-99. 
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ness,  and  known  to  extend  through  six  d^rees  of  longitude 
with  a  remarkable  uniformity  of  character,  may  not  speak  for 
itself,  we  shall  have  to  suspend  our  discussions  of  a  lai^ge  por- 
tion of  the  geology  of  the  globe. 

However,  I  am  in  possession  of  data  and  specimens  from 
Texas,  sufficient  to  show  the  approximate  correctness  of  the 
outline  given  in  my  *•  Map  of  the  Mississippi  Embayment,''  as 
well  as  the  close  correspondence  of  the  character  of  the  forma- 
tion in  that  State,  to  that  exhibited  by  it  in  the  Anacoco  r^on, 
in  western  Louisiana. 

To  the  two  localities  of  Cretaceous  outcrops  mentioned  by 
Prof.  Hopkins,  I  have  to  add  another,  viz :  at  Kmg's  Salt  Works, 
in  Bienville ;  where  a  genuine  "  rotten  limestone "  forms  the 
bed  of  Bayou  Castor. 

Univendtj  of  Miss.,  August,  1872. 


Art.  XXXV. —  Chntrihulions  froni,  the  Sheffield  Laboratory  of 
Yale  College,  No.  XXV. — Res^ilts  of  a  Chemical  Investigation 
of  some  Points  in  the  Manufacture  of  ^^  Malleable  Ironf^  by 
EussELL  W.  Davenport,  Ph.B. 

The  annealing  process  employed  in  making  malleable  iron 
consists,  as  is  well  known,  in  packing  the  castings  with  oxide 
of  iron  scale  in  cast-iron  chests,  placing  six  or  eight  of  these 
chests  upon  the  hearth  of  a  kiln  or  furnace,  resembhng  a  rever- 
beratory  furnace,  and  exposing  them  for  five  or  six  days  to  a 
bright  red  heat;  the  furnace  is  then  allowed  to  cool,  and  the 
castings,  as  soon  as  they  can  be  handled,  are  ready  for  finishing. 
The  following  analyses,  made  of  two  samples  about  J  inch  in 
thickness,  each  annealed  twice  and  analyzed  before  and  after 
each  annealing,  show  what  influence  the  process  has  upon  the 
impurities  contained  in  the  iron.  It  will  be  seen  the  iron  used 
was  a  fairly  good  charcoal-iron.  The  unannealed  castings,  when 
broken,  showed  a  white  fracture,  all  the  carbon  being  in  the 
combined  state.  This  last  property  must  be  possessed  by  all 
castings  to  insure  the  success  of  the  process.  The  annealed 
castings  when  broken  were  up  to  the  average  toughness  of 
"  malleable  iron,"  and  their  strength  did  not  materially  decrease 
after  the  second  annealing. 


I.   Casting  No,  1. 

before  ann 

lealing. 

1. 

2. 

Ayeragpe. 

Silicon,                    "44 

•45 

•445 

Phosphorus,            '29 

•34 

•315 

Manganese,             '524 

•534 

•529 

Sulphur,                  .064 

.054 

•059 

Total  Carbon,      3-44 

3^42 

3-43 
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n.  Casiing 

No.  1. 

After  first  annea 

ling. 

1. 

2. 

Average. 

Silicon, 

•440 

•436 

•438 

PhosphoniB, 

•323 

•330 

•327 

Manganese, 
Sulpnur, 

•67 

•60 

•686 

•062 

•072 

•067 

Total  Carbon, 

1-63 

1-49 

1^61 

Til.   Coining 

No.  1. 

After  second  annealing. 

1. 

2. 

ATerage. 

Silicon, 

•447 

•461 

'449 

Phosphorus, 

•31 

•32 

'315 

Manganese, 
Sulphur, 

•61 

•64 

•625 

•086 

•081 

•083 

Total  Carbon, 

below  O'lO  per  cent. 

IV.   Casting  No.  1 

2.     Before  an/neaUng. 

1. 

2. 

Average. 

Silicon, 

•69 

•68 

•686 

Phosphorus, 

•29 

•27 

•280 

Manganese, 
Sulphur, 

•66 

•62 

•686 

•11 

•10 

•106 

Totol  Carbon, 

8^60 

8-43 

d^48 

V.  Casting 

No.  2. 

After  first  annealing. 

1. 

2. 

Average. 

Silicon, 

•616 

•612 

•614 

Phosphorus, 

•290 

•291 

•290 

Manganese, 
Sulphur, 

•619 

•613 

•616 

•162 

•143 

•147 

Total  Carbon, 

•43 

..  . 

•43 

VI   Casting 

No.  2. 

After  second  annealing. 

1. 

2. 

Average. 

Silicon, 

•616 

•613 

•614 

Phosphorus, 

•29 

•30 

•296 

Manganese, 
Sulphur, 

•59 

•66 

•676 

•161 

•163 

•162 

Total  Carbon, 

below  O'lO  per  cent. 

From  the  above  analyses  the  following  conclusions  may  be 
drawn ;  first,  that  the  silicon^  phosphorus  and  manganese  are  in 
no  way  affected  by  the  annealing  process;  second,  that  the 
amount  of  sulphur  is  not  diminished  and  may  be  slightly  in- 
creased ;  and  third,  that  the  amount  of  carbon  is  reduced  by 
each  annealing  until  finally  a  mere  trace  remains.  The  slight 
increase  of  sulphur  shown  by  both  sets  cff  analyses  is  probably 
due  to  the  presence  of  that  substance  in  the  coal  used  for  fuel 
In  regard  to  the  change  in  the  carbon  a  word  must  be  said. 
The  castings  before  annealing,  containing  3^  per  cent  of  com- 
bined carbon,  showed,  on  breaking,  a  white  fracture,  and  were 
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too  bard  to  be  cut  by  a  drill ;  after  the  Aral  aTHwrnliTig  mn  inter 
esting  change  showed  itself  in  the  fracture ;  a  whitudi  waaSm 
extended  in  about  tV  of  an  inch  on  all  sides,  sunoiiiidiiig  a 
dark  core  of  dull  black  color;  the  line  of  change  from  thelidit 
to  the  dark  was  quite  distinct,  and  the  whole  was  easihr  cat  by 
a  drilL  A  portion  of  this  white  outside  hiyer  was  filed  off  and 
the  carbon  determined  to  be  present  only  in  traoeSi  while 
analyses  IL  and  Y.  show  the  presence  of  a  considerable  amoimt 
of  carbon,  when  a  sample  of  the  entire  cross  section  was  taken. 
The  black  core  was  noticeably  smaller  in  the  case  of  casting 
Na  2  than  in  casting  No.  1,  which  accounts  for  the  smaU 
amount  of  total  carbon  in  analysis  Y.  After  the  second  anneal- 
ing the  black  core  had  entirdy  disappeared  in  both  cases,  the 
whole  fracture  being  of  the  same  appearance  as  the  white  bor- 
der mentioned  above,  the  amount  of  carbon  in  a  sample  of  the 
whole  cross  section,  as  shown  by  the  analysis,  was  reduced  to  a 
trace.  It  would  appear  from  the  above  that  when  a  castiDg 
does  not  much  exceed  ^  of  an  inch  in  thickness,  the  caibon  is 
approximately  eliminated  throughout  the  whole  mass  by  the 
orainary  annealing  process;  when,  however,  the  casting  is 
thicker,  the  elimination  only  extends  fix)m  the  surface  into  the 
mass  for  a  certain  distance,  but  may  be  carried  farther  in  by  a 
repetition  of  the  process.  It  woula  also  seem  that  in  the  inte- 
rior of  a  thick  casting,  where  the  amount  of  carbon  is  at  all 
events  only  partially  reduced,  that  which  remains  is  by  the 
high  heat  ana  subseauent  slow  cooling  changed  in  its  state  of 
occurrence  from  comoined  carbon  to  a  species  of  uncombined  or 
graphitic  carbon ;  for  where  the  iron  before  annealing  is  white 
and  very  hard,  after  annealing  it  shows  a  dark  fracture  and  is 
quite  soft.  Its  behavior,  too,  with  nitric  acid  would  lead  to  the 
same  conclusion,  for  while  the  white  unannealed  iron  dissolved 
perfectly  in  that  reagent,  upon  standing  a  few  hours,  and  gave 
to  the  solution  the  same  clear  brown  color  that  is  noticed  when 
a  high  steel  is  so  treated,  the  annealed  ^^  black  heart,"  as  it  is 
technically  called,  gave  a  dirty  green  color  to  the  solution  and 
a  black  carbonaceous  residue  remained. 

The  manufacturers  of  "malleable  iron"  are  occasionallj 
troubled  by  a  lack  of  toughness  in  the  annealed  castings  when 
these  are  exposed  to  a  sudden  blow  or  to  a  bending  strain. 
This  weakness  is  at  times  doubtless  caused  by  the  natural  rot- 
tenness of  the  iron  owing  to  the  presence  of  an  excessive 
amount  of  silicon,  phosphorus  or  sulphur;  but  it  also  must 
frequently  be  due  to  a  crystalline  structure  which  the  iron 
under  certain  unknown  conditions  assumes  while  being  annealed. 
This  structure  shows  itself  in  the  fracture  of  an  annealed  cast- 
ing in  the  form  of  bright  crystalline  faces  which  occasionally 
extend  entirely  across  tne  firacture. 
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Further  analyses  were  made  of  another  specimen,  before  and 
after  its  annealing,  which  when,  annealed  ana  broken  was  brittle, 
and  showed  the  crystalline  structure  to  some  extent 

VII.  Before  annealing. 

1.  2.  Ayerage. 

Silicon,  'bin  -580  •SYO 

PhosphoroB,  •425  -423  -424 

Manganese,  •154  •llV  ^165 

Sulphur,  -116  -112  -114 

Total  Carbon,     8277  3^285  8^281 

VllL  After  annealing, 

1.  2.  Ayerage. 

Silicon,  -560  '560 

Phosphorus,           ^46  ^44                      '450 

Manganese,           •Idd  -158                  *147 

Sulphur,  -113  -113 

Total  Carbon,     below  0  10  per  cent. 

The  weakness  in  this  case  may  perhaps  be  partially  caused 
by  the  large  amount  of  phosphorus  present,but  the  next  two 
analyses  made  of  specimens,  which  when  broken  after  being 
annealed  were  very  orittle  and  showed  a  most  decided  crystal- 
line structure,  go  to  prove  that  this  phenomenon  of  crystalliza- 
tion cannot  be  attributed  to  the  presence  of  an  excessive 
amount  of  silicon,  phosphorus  or  sulphur. 

IX.   Once  annealed^  large  crystalline  faces  in  fracture. 

Ayerage. 
•450 
•266 
•223 
•139 

Carbon,  below  0-10  per  cent. 

X.  Tu>ice  annealed^  crystalline  faces  extended  entirely  across  the 

fracture. 

1.  2.  Ayerage. 

Silicon,  *585  •SOS  -589 

Phosphorus,  •213  -212  -212 

Manganese,  ^149  ^158  ^153 

Sulphur,  -092  -118  -105 

Carbon,  none  or  slight  trace. 

The  above  analyses  to  seem  afford  no  explanation  of  thiscrvs- 
talline  structure,  and  the  cause  of  it  can  only  be  determined  \j 
careful  experimenting  and  by  the  comparison  of  a  large  n\imber 
of  trustworthy  analyses. 

The  next  analysis  was  made  of  an  annealed  casting  which 
when  bent  showed  a  greater  degree  of  toughness  than  common. 


1. 

2. 

Silicon, 

•44 

•46 

Phosphorus, 

•267 

•266 

Manganese, 
Sulphur, 

•264 

•182 

•146 

•133 
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It  was  of  circular  section  ^  incli  in  diameter,  and  wis  bent  edd 
through  an  angle  of  90°  without  showing  fiactma 

XL  L  1.  JL^m»^ 

Silii^n,  -717  •»«2                   •»!» 

PhoephomSy  -200  "202                    *204 

Manganese,  *278  "268                    *StO 

Sulphur,  -086  -087                    -096 

Total  Carbon,  1-840  1*844  1*842 

From  this  analysis  it  may  be  in£n-red  that  the  siUoon  may  ran 
as  high  as  0*7  per  cent  wiuiout  effecting  the  touglmess  of  the 
anneded  product,  while  it  also  tends  to  show,  what  might  ce^ 
iainly  be  expected,  that  an  iron  low  in  phosphorus  and  sulphur 
is  most  suitable  for  making  malleable  iron. 

In  r^ard  to  the  chemicid  processes  used  in  making  the  above 
analyses,  in  most  of  the  important  points  I  rollowed  the 
methods  for  the  analysis  of  iron  and  steel,  given  in  the  last 
American  edition  of  Fresenius,  and  I  departed  from  these  meth- 
ods only  in  such  details  as  Prof.  Allen,  of  the  Sheffidd  Scien- 
tific School  Laboratory,  kindly  recommended.  All  the  speci- 
mens examined  except,  No.  ^O,  were  obtained  fix>m  Messrs.  Q. 
B.  North  &  Co.,  of  New  Haven,  whose  courtesy  in  specially 
preparing  and  re-annealing  the  iron  for  this  investigation  is 
gratefully  acknowledged. 


Art.  XXXVI. — Descriptions  of  a  few  riew  species,  and  one  new 
genus,  of  Silurian  fossils,  from  Ohio  ;*  by  F.  B.  MsEK. 

» 

PrOTASTER  ?   GRANULIFBRUS  Mcck. 

Disk  small,  apparently  circular ;  rays  rather  slender,  and  of 
unknown  length.  Dorsal  surface  of  aisk  and  rays  covered  by 
an  integument  composed  of  innumerable  minute  grains  of 
calcareous  matter.  V  entral  side  of  disk  not  well  exposed  in 
the  specimen  but  apparently  provided,  in  the  interradial  spaces, 
with  minute  spines  directed  outward.  Oral  pieces  not  well 
exposed  in  the  specimen.  Arm-pieces  regularly  alternating, 
but  apparently  rectangular  at  their  inner  ends,  and  not  inter- 
locking along  the  minute  mesial  impressed  line,  longer  trans- 
versely than  in  the  direction  of  the  length  of  the  rays ;  each 
largely  excavated  at  its  anterior  outer  end  so  as  to  form  a  laige 
pore,  or  pore-like  depression,  and  divided  transversely  by  a 
rurrow  into  two  parts,  the  anterior  one  of  which  is  very  short, 
and  the  posterior  longer  and  marked  by  a  minute  pit  at  its 

*  These  fossils  are  to  be  full  j  illustrated  and  desoribed  in  the  report  of  the  Ohio 
Geological  Survey. 
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inner  end ;  about  ei^ht  or  nine  of  these  pieces  in  each  range  of 
each  ray  included  within  the  margin  of  the  disk.  Outer  arm- 
pieces  (adambulacral  of  some)  smaller  than  those  of  the  inner 
ranges,  and  placed  edge  upward,  with  an  oblique^  outward 
direction  so  as  to  imbricate  outward  or  toward  the  extremities 
of  the  rays ;  each  bearing  one  or  more  minute  articulating 
spines. 

Breadth  of  disk,  about  0*43  inch  ;  breadth  of  arms  at  their 
inner  ends,  O'lO  inch. 

The  only  specimen  I  have  seen  that  is  certainly  known  to 
belong  to  this  species  is  very  imperfect  being  merely  an  incom- 

J)lete  disk,  and  the  inner  ends  of  the  rays.  It  does  not  con- 
brm  to  the  characters  of  Protasier  given  in  Prof  Forbes's 
diagnosis,  in  all  respects,  since  its  disk,  especially  on  the  upper 
side,  is  covered  by  an  integument  composed  of  a  vast  numoer 
of  very  minute  grains  of  calcareous  matter,  instead  of  distinct 
imbricating  scales.  It  is  therefore  not  improbable  that  perfect 
specimens  would  show  other  characters  that  would  warrant  the 
establishment  of  a  new  genus  or  sub  genus  for  such  forms,  in 
which  case  the  name  Alepidaster  might  be  applied  to  the  group, 
which  would  probably  also  include  Protasier  gregarius  of  Meek 
and  Worthen. 

I  have  intentionally  avoided,  in  the  foregoing  description, 
the  use  of  the  terms  ambulacral  and  adambulacral  pieces, 
applied  by  some  in  describing  the  arms  of  species  of  Protaster 
and  similar  forms,  because  it  seems  doubtful  whether  these 
terms  can  be  properly  applicable  to  such  types.  I  should  cer- 
tainly think  not,  if  these  types  belong  to  the  Ophiuroidea  (in  which 
no  ambulacral  furrows  exist)  instead  of  to  the  Asteroidecu  Ac- 
cording to  Dr.  Wright,  however  (see  Brit.  Foss.,  Echinodermata^ 
p.  82),  Protasier  Miltoni  of  Salter  has  a  well  developed  madre- 
poriform  body,  and  hence  would  belong  to  the  Asteroidea.  Yet 
it  is  very  curious  that  these  types  seem  to  have  no  proper 
ambulacral  can&ls,  and  we  have  apparently  no  positive  evidence 
that  the  viscera  of  the  animal  were  not  confined  to  the  disk,  as 
in  the  Ophiuroidea. 

Locality  and  position, — Middle  part  of  Cincinnati  group  of 
the  Lower  Silurian,  Moore's  Hill,  in  Indiana;  Mr.  Dyer's 
collection. 

Paljbaster  incomptus  M. 

Small ;  rays  rather  short,  or  only  about  once  and  a  half  as 
long  as  their  breadth  at  the  inner  ends,  and  rapidly  tapering  to 
their  outer  extremities,  which  are  more  or  less  angular.  Disk 
equaling  in  breadth  the  length  of  the  raya  Dorsal  side  of  rays 
composed  each  of  three  rows  of  about  nine  pieces*  each,  that 

*  In  some  of  the  rayn  these  appear,  but  this  is  probably  due  to  the  exposure  of 
one  of  the  marg^iud  rows  of  the  rays  by  oblique  pressure. 
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are  wider  than  lone,  and  inoreafie  ratiur  mpidly  ia  ate  iiiinBd 
to  the  margin  of  the  disk,  which  is  made  up  of  amalkr  piaoei; 
a  few  very  minute  pieces  apparently  sometimeB  ooonr  betweai 
the  rows  on  the  oorsal  siae  of  the  raya    SnrliMa  of  dond 

Eieces  a  *little  roughened,  but  apparratly  widumt  wgmiL 
[adreporiform  piece  rather  small,  a  little  oval,  or  ahnoBi  ci^ 
cular,  nearly  flat,  and  marked  hj  very  fine,  ixr^galady  intav 
rupted  radiating  striad.    Ventral  side  unknown. 

Greatest  breadth  across,  between  the  eztremiiieB  of  mm  oa 
opposite  sides,  0*90  inch ;  length  of  rays,  0*86  inoh ;  bieadtii  of 
same  at  inner  ends,  about  0*22  inch ;  length  of  madrepoofDim 
pieces,  0*08  inch ;  breadth  of  same,  0*07  inch. 

This  species  seems  to  be  related  to  P.  maJtatiafu  Hall,  bat 
has  proportionally  shorter  and  broader  raya,  that  aie  ako  kv 

Sointed  at  the  extremities.  Its  dorsal  pieces  are  also  kaa  dots* 
tting,  and  a{)pear  to  have  at  some  points  a  few  irtatj  minute 
inter^ated  pieces  between  the  rows  of  the  raya  Tbis  latter 
character,  however,  is  not  clearly  visible  in  the  apeeinmu  A 
more  important  distinction  is  the  absence,  in  the  spedoe  undar 
consideration,  of  the  circle  of  stellate  pieces  seen  on  the  doraid 
side  of  the  disk  of  P.  matutimu,  which,  according  to  Thot 
Hall's  figure,  published  in  the  20th  Regents'  Beport,  seems  to 
want  the  well-defined  madreporiform  pieces  seem  in  the  species 
under  consideration,  or  at  least  not  to  have  it  distinguishable 
from  four  other  radiately  marked  pieces  that  alternate  with  the 
stellate  pieces  mentioned.  As  in  that  species,  this  has  the  two 
inner  marginal  pieces,  that  connect  with  each  other  at  the  axis 
of  the  rajs,  ratner  decidedly  larger  than  those  next  to  them, 
but  of  different  form,  being  wider  than  long  instead  of  the 
reverse,  or  with  their  greater  diameters  arranged  transversely, 
and  each  provided  with  a  kind  of  mesial  protuberance  on  the 
inner  sida 

The  only  specimen  of  this  species  I  have  seen  is  firmly 
attached  to  a  foliated  expansion  of  coral,  so  a^  to  conceal  the 
ventral  side  entirely.  It  was  evidently  lying  dead  on  its  back, 
on  the  bottom  of  the  sea,  when  the  coral  commenced  growing 
upon  its  ventral  side ;  and  afterward  the  coral  not  only  coverea 
this  side  entirely,  but  grew  some  distance  in  all  airections, 
even  beyond  the  extremities  of  its  rays.  This  gives  it  much 
the  appearance  of  having  firmly  attached  itself  to  the  coral 
parasitically ;  but  this  is  evidently  not  the  case,  because  it  is 
its  entire  ventral  side  that  is  attached  out  to  the  very  extremi- 
ties of  its  rays. 

Locality  and  position. — Cincinnati  group  of  the  Lower 
Silurian,  at  Cincinnati,  Ohio.     Mr.  Dyer^s  collection. 

Note. — A  fine  star-fish  recently  sent  to  me  by  Mr.  Dyer,  from 
the  Ciucinnati  rocks,  presents  many  features  indicating  close  rela- 
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tioDB  to  PalcBixster  ffranuhsus  of  Hall ;  and  yet  a  critical  compari- 
son with  hifi  description  (he  has  not  yet  published  a  figure  of  that 
species),  leads  me  to  think  it  most  probably  distinct.  It  has  about 
the  same  proportional  length  and  breadth  of  rays ;  but  instead 
of  being  ^^  obtusely  rounded  at  the  extremities,  the  rays  are 
acutely  angular  at  the  ends.  Again,  instead  of  haying  the  mar- 
ginal and  adambulacral  pieces  numbering,  in  a  space  of  one  inch 
and  a  quarter  from  the  apex  of  a  ray,  twenty-fiye  of  the  first,  and 
forty-two  to  forty-three  of  the  latter,  on  each  side  of  the  ambulacral 
furrow,  it  shows  in  the  same  space  twenty-eight  marginal  and 
ihirty-tiJDO  adambulacral  pieces  on  each  side  —  the  number  of 
adambulacral  pieces  being  about  ten  less  on  each  side  in  the  same 
space  from  the  apex — a  rather  decided  difference,  thus  also  show- 
ing the  inner  rows  to  be  composed  of  proportionally  larger  pieces. 
Its  two  rows  of  ambulacral  ossicula  are,  as  in  P.  granulosus^  com- 
posed of  short  wide  pieces  (numbering  about  thirty  two  in  the 
space  nyen  aboye),  with  each  a  linear-ridge  running  across  its 
entire  breadth  as  in  that  species,  but  this  ridge  does  not  show  the 
obliquity  mentioned  in  Pro!  Hall's  description. 

On  the  upper  side  there  are  near  the  middle,  of  each  ray,  about 
fourteen  rows  of  small  alternating  conyex  pieces.  All  of  the 
pieces  are  granular,  and  each  of  the  marginal  and  adambulacral 
pieces  has  a  minute  tubercle  for  the  articulation  of  a  small  spine, 
the  largest  of  which  are  about  O'lO  inch  in  length.  Those  oi  the 
dorsal  side  also  seem  to  haye  supported  much  more  minute  spinea 
The  specimen  is  not  in  a  condition  to  show  the  oral  pieces,  or 
the  madreporiform  piece. 

It  differs  materially  from  P.  2>yert,  not  only  in  being  much 
smaller,  but  in  the  entirely  different  form  and  more  numerous 
rows  of  its  dorsal  pieces,  wKich  are  also  decidedly  more  close- 
fitting.  If  this  should  proye  to  be  a  new  species,  I  would  propose 
to  caU  it  Fakecuter  speciosus. 

Its  dimensions  are  as  follows :  length  of  rays  1*40  inch  ;  breadth 
of  do.  as  flattened  somewhat  by  pressure,  0*62  inch ;  breadth  of 
disk,  about  0*80  inch. 

Rhynchonella  neglecta,  var.  scobina. 

Shell  rather  small,  sub-trigonal,  compressed,  or  sometimes  in 
lai^e  specimens  quite  gibbous,   with    the   mesial   fold   very 

J)rominent  and  narrow.  Dorsal  valve  bearing  on  the  mesial 
old  four  plications,  the  middle  two  of  which  are  more  prom- 
inent and  larger  than  the  other  two,  one  of  which  latter  occupies 
each  slope  of  the  fold ;  lateral  slopes  each  provided  with  about 
six  angular  plications ;  beak  incurved.  Ventral  valve  with 
mesial  sinus  corresponding  to  the  fold  of  the  other  valve,  and 
bearing  three  plications,  the  middle  one  of  which  is  usually 
somewhat  larger  than  the  others ;  lateral  slopes  each  with  about 
six  plications ;  beak  small,  pointed  and  arched,  but  not  strongly 
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incurved,  projecting  moderately  beyond  thatof  flie  otiber  ^vabvi 
Sur&ce  oruamented  by  fine  marks  of  growth,  and  nuimoas 
minute,  distinct,  r^ularly  disposed  granulationa 

Lengtb  of  one  of  the  laigest,  and  most  gibbons  speoiineu^ 
0*56  inch ;  breadth  of  do.,  0*50  inch ;  convezitj  of  sauM^  Oilt 
inch.  Other  individuals  of  near  the  same  length  and  braaddi 
have  a  convexity  of  only  0*25  inch. 

This  form  agrees  almost  exactly  in  general  outline^  as  wdl  as 
in  the  number  and  arrangement  of  the  plications,  with  ji.  nagpbcte 
Hall,  fiom  New  York,  Niagara  and  GUnton  ^iip&  But  if 
that  shell  has  been  correctly  figured  and  described,  ftom  well- 
preserved  specimens,  it  must  be  distinct  ftom  this,  as  there  aie 
no  surface  granulations  illustrated  in  the  figures  or  mentjoned 
in  the  description  of  the  New  York  species ;  while  tlwy  aie 

Juite  distincuy  and  heaviiJuUy  defined  on  those  befinre  me  from 
fhio.  As  the  New  York  Niagara  fossils  are  usaaUy  found  in 
a  good  state  of  preservation,  it  is  very  improbable  that  audi  a 
clmracter  could  have  escaped  attention  in  R  neghcku  I  then- 
fore  feel  strongly  inclined  to  regard  the  shell  under  oonaideri- 
tion  as  a  distinct  species;  but  as  it  agrees  so  cloael;jr  in  other 
characters  with  R  neglecta,  have  concluded  to  view  it,  for  the 
present,  as  a  variety  of  that  shell,  under  the  name  acobina, 
which  can  be  retained  for  it  should  it  prove,  as  I  think  it  will, 
to  be  a  distinct  species. 

It  is  possible  tnat  the  internal  characters  of  the  species  will 
be  found  to  differ  genericallv  from  those  of  EhynchoneOa,  a 
distinctly  granulatea  surface  being  unusual  in  that  ^enua 

Locality  and  position. — Clinton  group,  Dayton,  Ohia  Found 
by  Pro£  Orton. 

PlEUROTOMARIA  (ScALITES  ?)  TROPIDOPHORA  M. 

Shell  rather  small,  obliquely  rhombic  in  general  outline,  as 
seen  in  a  side  view ;  height  somewhat  greater  than  the  breadth ; 
spire  conical,  with  an  apical  angle  varying  fix)m  70°  to  90** ; 
volutions  four  to  four  and  a  half;  each  flattened,  or  sometimes 
slightly  concave  above,  with  an  outward  slope  from  the  suture 
to  a  prominent  angle  that  passes  around  the  middle  of  the  body- 
turn,  and  below  the  middle  of  those  of  the  spire,  to  which  it 
imparts  a  somewhat  turreted  appearance;  suture  moderately 
distinct,  but  not  channeled  ;  lower  side  of  body-volution  slop- 
ing rapidly  inward  from  the  mesial  angle,  a  little  below  which 
there  usually  revolves  an  obscure,  undefined  ridge ;  aperture 
rhombic  subquadrate ;  surface  nearly  smooth,  but  sometimes 
showing  under  a  magnifier  very  obscure  lines  of  growth,  that 
curve  very  strongly  backward  as  they  approach  the  angle 
around  the  middle  of  the  body-volution,  both  above  and  below 
— ^thus  indicating  the  presence  of  a  deep  sinus  in  the  lip,  that 
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widens  rapidly  forward,  though  there  is  no  defined  revolving 
band  at  the  angla 

Length  or  height,  0.66  inch ;  breadth  about  0.60  inch. 

This  shell  possesses  some  of  the  characters  of  both  Pletiro- 
tomaria  and  halites.  In  general  appearance  it  is  most  like 
some  types  of  the  former ;  but  it  seems  to  be  entirely  without 
the  revolving  band  seen  on  the  species  of.  that  genus.  Its  lines 
of  growth,  however,  have  the  very  strong,  oblique  backward 
curve  seen  in  those  of  Scalites  (in  which  group  there  is  no 
revolving  band),  thus  showing  that  its  lip,  when  entire,  must 
have  had  a  deep  notch  at  the  termination  of  the  angle  of  the 
body- whorl.  This  notch,  however,  does  not  appear  to  terminate 
in  a  deep  sharply  cut  slit,  as  we  most  generally  see  in  Pleuro- 
iomaria;  but  it  seems  to  have  terminated  at,  and  widened 
rapidlv  forward  from,  the  angle  of  the  volutions.  Specifically, 
this  shell  is  related  to  Pleuroiomarta  selecta  of  Billings,  from 
which  it  differs  in  having  its  striae  of  growth  nearly  obsolete, 
and  in  wanting  the  revolving  angle  just  below  the  suture,  seen 
in  that  species. 

Locality  and  position. — Cincinnati  group,  at  Cincinnati,  Ohio. 
Mr.  A.  S.  Miller's  collection. 

Genus  Dicraniscus*  M. 

Shell  inequivalve,  hinge  line  straight,  rather  long,  hinge  pro- 
vided with  teeth  and  sockets.  Ventral  valve  with  a  well 
developed  cardinal  area,  divided  in  the  middle  by  a  triangular 
fissure  sometimes  partly  closed  above  by  a  very  small  false- 
deltidium  ;  beak  imperforate ;  interior  without  dental  or  other 
laminae,  orproc^sses  of  any  kind ;  muscular  impressions  un- 
known. Ventral  valve  without  a  well  developed  area,  but 
provided  with  an  extremely  prominent,  bifurcating  cardinal 
process,  and  on  each  side  of  the  base  of  this  with  a  prominent 
orachial  process  directed  obliquely  outward ;  while  just  out- 
side of  each  of  the  latter  there  is  a  socket  for  the  reception  of 
the  teeth  of  the  other  valve ;  muscular  impression  small,  and 
placed  in  the  bottom  of  the  valve  some  distance  in  advance  of 
the  hinge.  Shell  substance  very  thick  about  the  hinge,  and 
showing  an  imperfectly  fibrous  structure  when  broken,  the  fibers 
being  arranged  at  right  angle  to  the  surface  of  the  valves. 

I  have  had  specimens  ol  this  remarkable  shell  under  consid- 
eration for  nearly  a  year;  but  have  been  waiting  for  others  to 
be  fi^und  that  would  show  its  characters  more  clearly,  all  of 
those  seen  being  fragmentary.  Somewhat  better  specimens 
have  recently  been  found  by  Prof  Orton,  but  none  nearly  en- 
tire have  yet  been  discovered.     Those  now  at  hand,  however, 

*  Bimia.  of  SUpovoc,  a  two  pronged  fork ;  in  allusion  to  the  long  bifid  cardinal 
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give  the  means  of  making  out  its  generic  and  specific  characters 
with  some  degree  of  detail,  though  we  yet  want  specimens  show- 
ing the  exact  form  of  the  entire  shell,  and  the  muscular  impres- 
sions of  the  ventral  valva 

With  regard  to  its  family  affinities,  it  would  be  unsafe  to 
venture  an  opinion  without  better  material  for  study.  I  know 
of  no  other  brachiopod  with  so  long  a  cardinal  process  except* 
ing  Stringocephalus  :  but  it  differs  entirely  fix)m  that  genus  in 
wanting  the  prominent  mesial  internal  septum  in  the  ventral 
valve,  as  well  as  in  having  the  beak  of  this  valve  very  short — 
even  less  produced  than  that  of  the  other  valve,  and  the  foramen 
very  small  with  no  perforation  throuffh  the  minute  false-delti- 
diam  sometimes  covWing  the  upper  Dart  of  the  fommen. 

It  is  probably  more  nearly  relatea  to  Stricklandinta  of  Bill- 
ings ;  but  on  comparing  some  of  the  specimens  sent  to  him  by 
Prof  Orton,  Mr.  Billings  writes  that  he  thinks  it  entirely  distinct 
from  his  genus,  which  he  says  has  no  such  cardinal  process. 
The  ventral  valve  of  our  shell  also  differs  in  having  no  trace 
of  the  triangular  internal  chamber,  seen  under  the  beak  of 
Stricklandinia, 

DlCRANISCUS  Ortoni  M. 

Shell  truncalo-suboval,  or  suborbicular,  with  front  narrowly 
rounded;  hinge-line  less  than  the  greatest  breadth.  Ventral 
valve  less  convex  than  the  dorsal,  and  provided  with  a  mod- 
erately deep  mesial  sinus  not  extending  to  the  beak ;  cardinal 
area  rather  low,  well  defined,  and  standing  nearly  at  right 
angles  to  the  plane  of  the  valves,  but  slightly  arched  backward ; 
beak  very  small  and  scarcely  projecting  beyond  the  margin  of 
the  area,  with  its  point  sometimes  slightly  arched.  Dorsal 
valve  moderately  convex,  and  rising  into  an  undefined  mesial 
fold  or  prominence  on  the  anterior  slope ;  beak  rather  promin- 
ent, or  at  least  more  so  than  that  of  the  other  valve,  and  more 
incurved  ;  area  wanting  or  very  narrow  and  obscure ;  cardinal 
process  very  long,  a  little  curved,  rounded,  and  rather  slender 
below,  and  divided  above  for  about  half  way  down,  the  divis- 
ions being  moderately  diverging,  slender,  and  somewhat 
furrowed  on  their  posterior  sides  above.     Surface  smooth. 

As  I  have  seen  no  entire  specimens,  I  cannot  rive  measure- 
ments, though  the  shell  probably  attained  a  length  of  one  inch 
and  a  quarter,  with  a  breadth  of  about  one  inch,  and  a  con- 
vexity of  perhaps  three  quarters  of  an  inch. 

It  was  some  time  before  I  could  believe  that  the  separate 
ventral  valves  of  this  shell  really  belonged  to  the  same  species 
as  the  dorsal ;  because  I  could  not  understand  how  so  very 
prominent  a  cardinal  process  as  that  possessed  by  the  latter 
could  possibly  be  received  into  a  ventral  valve  with  no  deeper 
concavity  than  is  presented  by  these  specimens.     It  was,  there- 
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fore,  not  until  Prof.  Orton  found  a  broken  specimen  with 
portions  of  the  two  valves  united,  and  showing  this  process  in 
place,  that  I  was  aware  that  the  dorsal  valve  has  its  beak  so 
incurved  as  to  give  this  cardinal  process  an  oblique  forward 
direction  within  the  other  valva  Even  then,  however,  it  seems 
to  touch  the  bottom  of  the  ventral  valve. 

The  specific  name  is  given  in  honor  of  Pro£  Edward  Orton, 
who  discovered  the  only  specimens  of  the  species  known. 

Locality  and  position, — Summit  of  the  Clinton  group,  near 
Dajto'n,  Ohia 

Note. — Among  the  specimens  sent  to  me  from  Cincinnati,  Ohio, 
bv  Mr.  A.  S.  Miller  of  that  city,  there  are  two  examples  of  an 
OrikiSy  agreeing  in  form  and  general  appearance  with  O.  plieateUay 
but  differing  m  being  considerably  larger,  and  in  naving  a 
decidedly  lower  ventral  area,  with  the  beak  of  the  same  valve 
more  incurved  than  in  any  authentic  specimens  of  that  shell  1  have 
ever  seen.  It  also  presents  a  curious  triple  arrangement  of  the 
costae,  caused  by  each  of  them  giving  off  a  smaller  one  on  each 
side  at  about  half  the  distance  between  the  beak  and  free  margins, 
the  main  rib  always  continuing  larger  and  much  more  prominent 
than  the  others  to  the  margin ;  while  the  spaces  between  each 
bundle  thus  formed  are  proportionally  wider  and  deeper  than  we 
see  in  O.  plicateUa  as  usually  found.  These  characters  give  this 
shell  a  peculiar  appearance  that  leads  me  to  think  it  will  probably 
be  found  to  belong  to  an  undescribed  species.  As  I  know  nothing 
of  its  internal  characters,  however,  and  the  species  of  this  type  of 
Ofihis  are  known  to  be  quite  variable,  I  feel  some  doubts  about 
the  propriety  of  describing  it  as  a  new  species.  It  seems  to  me, 
however,  to  differ  from  the  0,  plicateUa  and  O.  Jissicosta  in  more 
important  characters  than  they  differ  from  each  other.  Should 
other  collections  show  this  form  to  be  a  distinct  species,  I  would 
propose  for  it  the  name  0,  triplicateUa, 

The  larger  of  the  two  specimens  seen  measures  0*70  inch  in 
length,  1  '40  inch  in  breadth,  and  0*40  inch  in  convexity. 


Abt.  XXX VIL — Discovery  of  a  New  Planet]  by  C.  H.  F. 
PETEBa  From  a  letter,  dated  Litchfield  Observatory,  Hamil- 
ton College,  August  24. 

Last  night  another  new  planet  came  into  my  view.  It  is 
rather  brignt,  and  about  the  10th  magnitude;  the  following 
positions  were  determined : 

1S72.  H.C.  m.  t.  a  (124)  d(124) 

Aug.  28.     12  2*8     6         22  21  23*59  -?  18  28-8  (10  comp.) 

«  13  22  49         22  21  21  64  -7  18  42*3  (  6  comp.) 

Whence  its  daily  motion  is  inferred  to  be  about  5l»  in  right 
ascension,  and  6^  in  declination  toward  the  soutL 
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Abt.  XXXVJJX — Address  before  Ae  Ameriean  Aetodatitm  alib 
recent  meeting  in  Diibuque,  Iowa  ;  by  Pro£  AflA  Gbat. 

The  session  being  now  happily  inaogamted,  y^nir  tireaidiug 
officer  of  the  last  year  has  only  one  duty  to  penronn  oefoie  he 
surrenders  the  chair  to  his  successor.  K  allowed  to  bonow  a 
simile  from  the  language  of  my  own  profession,  I  mi^t  likn 
the  president  of  this  association  to  a  biennial  plant  fie  flocl^ 
ishes  for  the  year  in  which  he  comes  into  existenoe,  and  per 
forms  his  approfHiate  functions  as  presiding  officer.  When  the 
second  year  comes  round  he  is  expected  to  blossom  oat  in  an 
address  and  disappear.  Each  president,  as  he  retiicsy  is  nata- 
rally  expected  to  contribute  somethiiur  frnn  his  own  inTestiija- 
tions,  or  his  own  line  of  study ;  usuaUy  to  diacuas  soma  partie- 
ular  scientific  topic. 

Now,  although  I  have  cultivated  the  field  of  North  Amerioaa 
botany  with  some  assiduity  for  more  than  forty  yean,  have  re- 
viewed our  vegetable  hosts  and  assigned  to  no  small  number  of 
them  their  names  and  their  place  in  the  ranks,  yet,  so  far  as  our 
own  wide  country  is  concerned,  I  have  been  to  a  great  extent  a 
closet  botanist  Until  this  summer  I  had  not  seen  the  Missis- 
sippi, nor  set  foot  upon  a  prairia 

To  gratify  a  natural  intereat,  and  to  gain  some  title  for  ad- 
dressing a  body  of  practical  naturalists  and  explorers,  I  haire 
made  a  pilgrimage  across  the  continent  I  have  sought  and 
viewed  in  their  native  haunts  many  a  plant  and  flower  which, 
for  me,  had  long  bloomed  unseen,  or  only  in  the  hortus  siccus. 
I  have  been  able  to  see  for  myself  what  species  and  what  forms 
constitute  the  main  features  of  the  vegetation  of  each  successive 
region,  and  record — as  the  vegetation  unerringly  does — ^the 
permanent  characteristics  of  its  climate. 

Passing  on  from  the  eastern  district,  marked  by  its  equably 
distributed  rain-fall,  and  therefore  naturally  forest-clad,  I  have 
seen  the  trees  diminish  in  number,  give  place  to  wide  prairies, 
restrict  their  growth  to  the  borders  of  streams,  and  then  disap- 
pear from  the  boundless  drier  plains ;  have  seen  grassy  plains 
change  into  brown  and  sere  desert — desert  in  the  common  sense, 
but  hanily  anywhere  botanically  so :  have  seen  a  fair  growth 
of  coniferous  trees  adorning  the  more  favored  slopes  of  a 
mountain  range,  high  enough  to  compel  summer  showeis; 
have  traversed  that  broad  and  bare  elevated  r^on  shut  oft'  on 
both  sides  by  high  mountains  from  the  moisture  supplied  by 
^ther  ocean,  and  lonmtudinally  intersected  by  sierras  whicn 

uningly  remain  as  naked  as  they  were  bom ;  and  have  reached 

jyogth^  the  westward  slopes  of  the  high  mountain  hairier, 
xefimhed  by  the  Pacific,  bears  the  noble  forests  of  the 
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Sierra  Nevada  and  the  Coast  Range,  and  among  them  trees 
which  are  the  wonder  of  the  world.  As  I  stood  in  their  shade, 
in  the  groves  of  Mariposa  and  Calaveras,  and  again  under  the 
canopy  of  the  commoner  redwood,  raised  on  columns  of  such 
majestic  height  and  ample  girth,  it  occurred  to  me  that  I  could 
not  do  better  than  to  share  with  you,  upon  this  occasion,  some 
of  the  thoughts  which  possessed  my  mind.  In  their  develop- 
ment they  may  perhaps  lead  us  up  to  questions  of  considerable 
scientific  interest 

I  shall  not  detain  you  with  any  remarks  (  which  would  now 
be  trite)  upon  the  size  or  longevity  of  these  far-famed  Sequoia 
trees,  or  of  the  sugar  pines,  incense  cedar,  and  firs  associated 
with  them,  of  which  even  the  prodigious  bulk  of  the  dominating 
Sequoia  does  not  sensibly  diminish  the  grandeur.  Although 
no  account  and  no  photographic  representation  of  either  species 
of  the  fiir-femed  Sequoia  trees  gives  anv  adequate  impression  of 
their  singular  majesty — still  less  of  their  beauty — ^yet  my  inter- 
est in  them  did  not  culminate  merely  nor  mainly  in  considera- 
tions of  their  size  and  aga  Other  trees  in  other  parts  of  the 
world  may  claim  to  be  older.  Certain  Australian  gum  trees 
( Eucalypti)  are  said  to  be  taller.  Some,  we  are  told,  rise  so 
high  that  they  might  even  cast  a  flicker  of  shadow  upon  the 
summit  of  the  pryamid  of  Cheopa  Yet  the  oldest  of  them 
doubtless  grew  from  seed  which  was  shed  long  after  the  names 
of  the  pyramid  builders  had  been  forgotten.  So  far  as  we  can 
judge  from  the  actual  counting  of  the  layers  of  several  trees,  no 
Sequoia  now  alive  can  sensibly  antedate  the  Christian  era. 

ISTor  was  I  much  impressed  with  an  attraction  of  man's  adding. 
That  the  more  remarkable  of  these  trees  should  bear  distin- 
guishing appellations  seems  proper  enough.  But  the  tablets 
of  personal  names  which  are  affixed  to  many  of  them  in  the 
most  visited  groves — as  if  the  memory  of  more  or  less  notable 
people  of  our  day  might  be  made  more  enduring  by  the  jux- 
taposition, do  suggest  some  incongruity.  When  we  consider 
that  a  hand's  breadth  at  the  circumference  of  any  one  of  the 
venerable  trunks  so  placarded  has  recorded  in  annual  lines  the 
lifetime  of  the  individual  thus  associated  with  it,  one  may  ques- 
tion whether  the  next  hand's-breadth  may  not  measure  the  fame 
of  some  of  the  names  thus  ticketed  for  adventitious  immortality. 
Whether  it  be  the  man  or  the  tree  that  is  honored  in  the  connec- 
tion, probably  either  would  live  as  long  in  fact  and  in  memory 
without  it 

One  notable  thing  about  these  Sequoia  trees  is  their  isolation. 
Most  of  the  trees  associated  with  them  are  of  peculiar  species, 
and  some  of  them  are  nearly  as  local  Yet  every  pine,  nr  and 
cypress  in  California  is  in  some  sort  familiar,  because  it  has 
near  relations  in  other  parts  of  the  world.    But  the  redwoods 
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h&ve  nona  The  redwood — ^including  in  that  name  the  two 
species  of  '*  big  trees" — ^belongs  to  the  general  cy|umB  fiumh, 
but  is  sui  generis.  Thus  isolated  systematiodlyy  and  eoctzemdy 
isolated  geographically,  and  so  wonderful  in  size  and  port,  ibej 
more  than  other  trees  suggest  questions. 

Were  they  created,  thus  local  and  lonely,  denizens  of  Gbli* 
fomia  only ;  one  in  limited  numbers  in  a  few  chcrioe  Bpoto  on 
the  Sierra  Nevada,  the  other  along  the  Coast  Bange  fiom  the 
Bay  of  Monterey  to  the  frontiers  of  Oregon?  Are  they  yen- 
tal)le  Melchisedec«,  without  pedigree  or  early  relationship,  and 
possibly  &ted  to  be  withou^t  descent? 

Or  are  they  now  coming  upon  the  stage  (or  rather  were  they 
coming  but  for  man's  interference)  to  play  a  part  in  the  fiiturer 

Or  are  they  remnants,  sole  and  scanty  survivors  of  a  race  that 
has  plajed  a  grander  part  in  the  past,  but  is  now  verging  to 
extinction  ?  Have  they  had  a  career,  and  can  that  career  be 
ascertained  or  surmised,  so  that  we  may  at  least  guess  whence 
they  came,  and  how  and  when  ? 

Time  was,  and  not  long  ago,  when  such  questions  as  these 
were  regarded  as  useless  and  vain,  when  students  of  natuil 
history,  unmindful  of  what  the  name  denotes,  were  content  with 
a  knowledge  of  things  as  they  now  are,  but  gave  little  heed  as 
to  how  they  came  to  be  so.  N^ow,  such  questions  are  held  to  be 
legitimate,  and  perhaps  not  wholly  unanswerable.  It  cannot 
now  be  said  that  these  trees  inhabit  their  present  restricted 
areas  simply  because  they  are  there  placed  in  the  climate  and 
soil  of  all  the  world  most  congenial  to  them.  These  must  in- 
deed be  congenial  or  they  would  not  survive.  But  when  we 
see  how  Australian  Eucalyptus  trees  thrive  upon  the  California 
coast,  and  how  these  very  redwoods  flourish  upon  another  con- 
tinent ;  how  the  so-called  wild  oat  {Avena  sterilis  of  the  Old 
World)  has  taken  full  possession  of  California ;  how  that  cattle 
and  horses,  introduced  by  the  Spaniard,  have  spread  as  widely 
and  made  themselves  as  much  at  home  on  the  plains  of  the  I^ 
Plata  as  on  those  of  Tartary,  and  that  the  cardoon  thistle  seeds, 
and  others  they  brought  with  them,  have  multiplied  there  into 
numbers  probably  much  exceeding  those  extant  in  their  native 
lands ;  indeed,  when  we  contemplate  our  own  race,  and  our  own 
particular  stock,  taking  such  recent  but  dominating  possession 
of  this  New  World ;  when  we  consider  how  the  indigenous 
flora  of  islands  generally  succumbs  to  the  foreigners  which 
come  in  the  train  of  man;  and  that  most  weeds  (i  e.,  the 
prepotent  plants  in  open  soil)  of  all  temperate  climates  are  not 
"to  the  manor  bom,  but  are  self-invited  intruders,  we  must 
needs  abandon  the  notion  of  any  primordial  and  absolute  adap- 
tation of  plants  and  animals  to  their  habitats  which  may  stand 
in  lieu  of  explanation,  and  so  preclude  our  inquiring  any  fur- 
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ther.  The  harmony  of  Nature  and  its  admirable  perfection  need 
not  be  regarded  as  inflexible  and  changeless.  Nor  need  Nature 
be  likened  to  a  statue,  or  a  cast  in  rigid  bronze,  but  rather  to  an 
organism,  with  play  and  adaptability  of  parts,  and  life  and  even 
soul  informing  the  whola  Under  the  former  view,  Nature 
would  be  "  the  faultless  monster  which  the  world  ne'er  saw," 
but  inscrutable  as  the  Sphinx,  whom  it  were  vain,  or  worse,  to 
Question  of  the  whence  and  whither.  Under  the  other,  the  per- 
fection of  nature,  if  relative,  is  multifarious  and  ever  renewed; 
and  much  that  is  enigmatical  now  may  find  explanation  in  some 
record  of  the  past 

That  the  two  species  of  redwood  we  are  contemplating  origi- 
nated as  they  are  and  where  they  are,  and  for  the  part  they  are 
now  playing,  is,  to  say  the  least,  not  a  scientific  supposition,  nor 
in  any  sense  a  probable  one.  Nor  is  it  more  likely  that  they  are 
destined  to  play  a  conspicuous  part  in  the  iuture,  or  that  they 
would  have  done  so,  even  if  the  Indian's  fires  and  the  white 
man's  axe  had  spared  them.  The  redwood  of  the  coast  {Sequoia 
sernpervirens)  has  the  stronger  hold  upon  existence,  forming  as 
it  did  large  forests  throughout  a  narrow  belt  about  three  hun- 
dred miles  in  length,  and  being  so  tenacious  of  life  that  every 
large  stump  sprouts  into  a  copse.  But  it  does  not  pass  the  Bay 
of  Sfonterey,  nor  cross  the  line  of  Oregon,  although  so  grandljr 
developed  not  far  below  it  The  more  remarkable  ikquoia 
gigantea  of  the  Sierra  exists  in  numbers  so  limited  that  the 
separate  groves  may  be  reckoned  upon  the  fingers,  and  the 
trees  of  most  of  them  have  been  counted,  except  near  their 
southern  limit,  where  they  are  said  to  be  more  copious.  A 
species  limited  in  individuals  holds  its  existence  by  a  precarious 
tenure ;  and  this  has  a  foothold  only  in  a  few  sheltered  spots, 
of  a  happy  mean  in  temperature  and  locally  favored  with  mois- 
ture in  summer.  Even  there,  for  some  reason  or  other,  the 
pines  with  which  they  are  associated  {Pinus  Lambertiana  and  P. 
ponderosa),  the  firs  {Abies  grandis  and  A.  amdbilis\  and  even  the 
mcense-cedar  {Lihoceflrus  decurrens)  possess  a  great  advantage, 
and,  though  they  strive  in  vain  to  emulate  their  size,' wholly 
overpower  the  Sequoias  in  number.  "  To  him  that  hath  shall 
be  given."  The  force  of  numbers  eventually  wins.  At  least 
in  tne  commonly  visited  groves  Sequoia  gigantea  is  invested  in 
its  last  stronghold,  can  neither  advance  into  more  exposed  posi- 
tions above,  nor  fall  back  into  drier  and  barer  ground  below, 
nor  hold  its  own  in  the  long  run  where  it  is,  under  present  con- 
ditions ;  and  a  little  further  drying  of  the  climate,  which  must 
once  have  been  much  moister  than  now,  would  precipitate  its 
doom.  Whatever  the  individual  longevity,  certain  if  not  speedy 
is  the  decline  of  a  race  m  which  a  high  death-rate  afflicts  the 
young.     Seedlings  of  the  big  trees  occur  not  rarely,  indeed, 
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but  in  meaere  proportion  to  those  of  tnoeiftled  trae»;  woA  anudi 
indeed  is  tne  cnance  that  any  of  these  will  attein  to  ^ihe  dsfi 
of  the  years  of  their  fethera.^'  ''  Few  and  eril "  are  the  daja  of 
all  the  forest  likely  to  be,  while  man.  both  bubariaii  nd 
civilized,  torments  them  with  fires,  fittal  at  oooe  to  aeedlioga 
and  at  length  to  the  aged  alsa  The  forests  of  CSal]fiMiiia,'pimM[ 
as  the  State  may  be  of  them,  are  already  too  scanty  and  insufl^ 
cient  for  her  uses.  Two  lines,  such  as  may  be  drawn  with  om 
sweep  of  a  small  brush  over  the  map,  would  carer  them  aH 
The  coast  redwood, — ^the  most  important  tree  in  Oalifiiniia}— 
although  a  million  times  more  numerous  than  its  relative  of  ibe 
Sierra,  is  too  good  to  live  long.  Such  is  its  value  tat  lumber 
and  its  accessioility,  that,  judging  ^the  ftiture  by  the  past,  it  is 
not  likely,  in  its  primeval  growth,  to  outlast  its  mten  MiaW" 
species. 

Happily  man  preserves  and  disseminates  as  well  as  destroTa 
The  spiles  will  probably  be  indefinitely  preserved  to  acieiMM^ 
and  for  ornamental  and  other  uses,  in  its  own  and  other  landb; 
and  the  more  remarkable  individuals  of  the  present  day  aie 
likely  to  be  sedulously  cared  for,  all  the  more  so  as  they 
become  scarcer. 

Our  third  question  remains  to  be  answered:  Have  these 
famous  Sequoias  played  in  former  times  and  upon  a  larger 
stage  a  more  imposing  part,  of  which  the  present  is  but  the 
epilogue?  We  cannot  gaze  high  up  the  huge  and  venerable 
trun&,  which  one  crosses  the  continent  to  behold,  without 
vdshing  that  these  patriarchs  of  the  grove  were  able,  like  the 
long-lived  antediluvians  of  Scripture,  to  hand  down  to  us, 
through  a  few  generations,  the  traditions  of  centuries,  and  so 
tell  us  somewhat  of  the  history  of  their  race.  Fifteen  hundred 
annual  layers  have  been  counted,  or  satisfactorily  made  out, 
upon  one  or  two  fallen  trunks.  It  is  probable  that  close  to  the 
heart  of  some  of  the  living  trees  may  be  found  the  circle  that 
records  the  year  of  our  Saviour's  nativity.  A  few  generations 
of  such  trees  might  carry  the  history  a  loni»  way  back.  But 
the  ground  they  stand  upon,  and  tne  marks  oi  very  recent 
geological  change  and  vicissitude  in  the  region  around,  testily 
that  not  very  many  such  generations  can  have  flourished  just 
there,  at  least  in  an  unbroken  series.  When  their  site  was 
covered  bv  glaciers,  these  Sequoias  must  have  occupied  other 
stations,  i^  as  there  is  reason  to  believe,  they  then  existed  in 
the  land. 

I  have  said  that  the  redwoods  have  no  near  relatives  in  the 
country  of  their  abode,  and  none  of  their  genus  anywhere  else. 
Perhaps  something  may  be  learned  of  their  genealogy  by  in- 
quiring of  such  relatives  as  they  have.  There  are  only  two  of 
any  particular  nearness  of  kin ;  and  they  are  far  away.     One  is 
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the  bald  cypress,  our  southern  cypress,  Taxodium,  inhabiting 
the  swamps  of  the  Atlantic  coast  from  Maryland  to  Texas, 
thence  extending  into  Mexico.  It  is  well  known  as  one  of  the 
largest  trees  of  our  Atlantic  forest-district,  and,  although  it 
never  (except  perhaps  in  Mexico,  and  in  rare  instances)  attains 
the  portliness  of  its  western  relatives,  yet  it  may  equal  them  in 
longevity.  The  other  relative  is  Glyptostrobus,  a  sort  of  modi- 
fied Taxodium,  being  about  as  much  like  our  bald  cypress  as 
one  species  of  redwood  is  like  the  other. 

Now  species  of  the  same  type,  especially  when  few,  and  the 
type  peculiar,  are,  in  a  general  way,  associated  geographically, 
u  e.,  inhabit  the  same  country,  or  (in  a  lar^e  sense)  tne  same 
r^on.  Where  it  is  not  so,  where  near  relatives  are  separated, 
there  is  usually  something  to  be  explained.  Here  is  an  instance. 
These  four  trees,  sole  representatives  of  their  tribe,  dwell  almost 
in  three  separate  quarters  of  the  old  world ;  the  two  redwoods 
in  California,  the  bald  cypress  in  Atlantic  North  America,  its 
near  relative,  Glyptostrobus,  in  China. 

It  was  not  always  so.  In  the  Tertiaxy  period,  the  geological 
botanists  assure  us,  our  own  very  Taxodium,  or  bala  cypress, 
and  a  Glyptostrobus,  exceedingly  like  the  present  Chinese  tree, 
and  more  than  one  Sequoia,  co-existed  in  a  fourth  quarter  of 
the  globe,  viz.,  in  Europe  I  This  brinffs  up  the  question :  Is  it 
possible  to  bridge  over  these  four  wide  intervals  of  space  and 
the  much  vaster  interval  of  time,  so  as  to  bring  these  extraor- 
dinarily separated  relatives  into  connection.  The  evidence 
which  mav  DC  brought  to  bear  upon  this  question  is  various 
and  widely  scattered.  I  bespeat  vour  patience  while  I  en- 
deavor to  bring  together,  in  an  abstract,  the  most  important 
points  of  it. 

Some  interesting  fiacts  may  come  out  by  comparing  generally 
the  botany  of  the  three  remote  regions,  each  of  which  is  the 
sole  home  of  one  of  these  three  genera,  t.  «.,  Sequoia  in  Cali- 
fornia, Taxodium  in  the  Atlantic  United  States,  and  Glyptos- 
trobus in  China,  which  compose  the  whole  of  the  peculiar  tribe 
under  consideration. 

Note  then,  first,  that  there  is  another  set  of  three  or  four 
peculiar  trees,  in  this  case  of  the  yew  family,  which  has  just 
the  same  peculiar  distribution,  ana  which  tnerefore  may  have 
the  same  explanation,  whatever  that  explanation  be.  The  genus 
Torreya,  which  commemorates  our  botanical  Nestor  and  a  for- 
mer president  of  this  association,  Dr.  Torrey,  was  founded  upon 
a  tree  rather  lately  discovered  (that  is,  about  thirty-five  years 
ago)  in  northern  Florida.  It  is  a  noble,  yew-like  tree,  and  very 
local,  being  known  only  for  a  few  miles  along  the  shores  of  a 
single  river.  It  seems  as  if  it  had  somehow  been  crowded 
down  out  of  the  Alleghanies  into  its  present  limited  southern 


288  Prof.  OroffB  Addrw  h^bm  Ae 

quarters;  for  Iq  coltivation  it  evinces  a  northern  haittineK 
Now  another  species  of  Torreva  is  a  chanusterislic  tree  of  Japta ; 
and  the  same,  or  one  very  ]ike*^it  indeed,  inhabits  the  HiTnalayaa, 
— belongs,  therefore,  to  the  Eastern  Asiatic  temperate  ngicfo^ 
of  which  China  is  a  part,  and  Japan,  as  we  shall  see^  ihe  por- 
tion  most  interesting  to  us.  There  is  only  one  more  speotes  of 
Torreya,  and  that  is  a  companion  of  the  redwoods  in  CSalifixniia. 
It  is  the  tree  locally  kno?m  under  the  name  of  the  Califoniia 
nutmeg.  In  this  case  the  three  are  near  breihreo,  species  of 
the  same  genus,  known  nowhere  else  than  in  tiiese  three 
habitats. 

Moreover,  the  Torreva  of  Florida  has  growing  with  it  a  yew 
tree;  and  the  trees  of  that  grove  are  uie  only  yew  trees  of 
Eastern  America ;  for  the  yew  of  our  northern  woods  is  a 
decumbent  shrub.  The  only  other  yew  trees  in  America  grow 
with  the  redwoods  and  the  other  Torreya  in  CSalifomia,  and 
more  plentifully  farther  north,  in  Or^on.  A  yew  tree  eq[iially 
accompanies  the  Torreya  of  Japan  and  the  HimalayaSi  and  thu 
is  apparently  the  same  as  the  common  yew  of  Europa 

So  we  have  three  groups  of  trees  of  the  great  coniferous 
order  which  agree  in  this  peculiar  geographical  distribution ; 
the  redwoods  and  their  relatives,  which  mflfer  widely  enough 
to  be  termed  a  different  genus  in  each  region ;  the  Torreyas, 
more  nearly  akin,  merely  a  different  species  in  each  r^on ;  the 
yews,  perhaps  all  of  the  same  species,  perhaps  not  quite  that, 
for  opmions  differ  and  can  hardly  be  brought  to  any  decisive 
test  The  yews  of  the  Old  World,  fix)m  Japan  to  Western 
Europe,  are  considered  the  same ;  the  very  local  one  in  Florida 
is  slightly  different ;  that  of  California  and  Oregon  differs  a 
very  little  more ;  but  all  of  them  are  within  the  limits  of  varia- 
tion of  many  a  species.  However  that  may  be,  it  appears  to  me 
that  these  several  instances  all  raise  the  same  question,  only 
with  a  different  d^ree  of  emphasis,  and,  if  to  be  explained  at 
all,  will  have  the  same  kind  of  explanation.  But  the  value  of 
the  explanation  will  be  in  proportion  to  the  number  of  facts  it 
will  explain. 

Contmuing  the  comparison  between  the  three  regions  with 
which  we  are  concernea,  we  note  that  each  has  its  own  species 
of  pines,  firs,  larches,  etc.,  and  of  a  few  deciduous  trees,  such 
as  oaks  and  maples ;  all  of  which  have  no  peculiar  significance 
for  the  present  purpose,  because  they  are  of  genera  which  are 
common  all  round  the  northern  hemisphere.  Leaving  these 
out  of  view,  the  noticeable  point  is  that  the  v^etation  of  Cali- 
fornia is  most  strikingly  unlike  that  of  the  Atlantic  United 
States.  They  possess  some  plants,  and  some  peculiarly  Amer- 
ican plants,  in  common, — enough  to  show,  as  I  ima^ne,  that  the 
.difficulty  was  not  in  the  getting  &om  the  one  district  to  the 
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other,  or  into  both  from  a  common  source,  but  in  abiding  thera 
The  primordiall^  unbroken  forest  of  Atlantic  North  America, 
nourished  by  rainfall  distributed  throughout  the  year,  is  widely 
separated  from  the  western  region  of  sparse  and  discontinuous 
tree-belts  of  the  same  latitude  on  the  western  side  of  the  con- 
tinent, where  summer  rain  is  wanting  or  nearly  so,  by  immense 
treeless  plains  and  plateaux  of  more  or  less  aridity,  traversed 
by  longitudinal  mountain  ranges  of  a  similar  character.  Their 
nearest  approach  is  at  the  north,  in  the  latitude  of  Lake 
Superior,  where,  on  a  more  rainy  line,  trees  of  the  Atlantic 
forest  and  that  of  Oregon  may  fee  said  to  interchange.  The 
change  of  species  and  of  the  aspect  of  vegetation  in  crossing, 
say  on  the  forty -seventh  parallel,  is  slight  in  comparison  witn 
that  on  the  thiity-seventh  or  near  it  Confining  our  attention 
to  the  lower  latitude,  and  under  the  exceptions  already  specially 
noted,  we  may  say  that  almost  every  characteristic  form  in 
the  vegetation  of  the  Atlantic  States  is  wanting  in  California, 
and  the  characteristic  plants  and  trees  cf  California  are  wanting 
hera 

Califomia  has  no  Magnolia  nor  tulip  trees,  nor  star-anise  tree ; 
no  so-called  Papaw  (Asimina);  no  barberry  of  the  common 
single-leaved  sort ;  no  Podophyllum  or  other  of  the  peculiar 
associated  genera;  no  Nelumbo  nor  white  water-lily;  no 
prickly  ash  nor  sumach;  no  loblolly -bay  nor  Stuartia;  no 
Dasswood  or  linden  trees ;  neither  locust,  honey  locust,  coflFee 
trees  (Gymnocladus),  nor  yellow  wood  ((Jladrastis);  nothing 
answering  to  Hydrangea  or  witch-hazel,  to  gum  trees  (Nyssa 
and  Lia  uidambar).  Viburnum  or  Diervilla ;  it  has  few  asters 
and  golaen  rods ;  no  lobelias ;  no  huckleberries  and  hardly  any 
blueberries ;  no  Epigsea,  charm  of  our  earliest  eastern  spring, 
tempering  an  icy  April  wind  with  a  delicious  wild  fragrance ; 
no  Kalmia  nor  Ulethra,  nor  holly,  nor  persimmon  ;  no  Catalpa 
tree,  nor  trumpet-creeper  (Tecoma);  nothing  answering  to 
sassafras,  nor  to  benzoin  tree,  nor  to  hickory ;  neither  mulberry 
nor  elm  ;  no  beech,  true  chestnut,  hornbeam,  norironwood,  nor 
a  proper  birch  tree ;  and  the  enumeration  might  be  continued 
very  much  further  by  naming  herbaceous  plants  and  others 
&miliar  only  to  botanists. 

In  their  place  Califomia  is  filled  with  plants  of  other  types, 
trees,  shrubs,  and  herbs,  of  which  I  will  only  remark  that  they 
are,  with  one  or  two  exceptions,  as  different  from  the  plants  of 
the  eastern  Asiatic  region  with  which  we  are  concemea  (Japan, 
China  and  Mandchuria)  as  they  are  from  those  of  Atlantic 
North  America.  Their  near  relatives,  when  they  have  any  in 
other  lands,  are  mostly  southward,  on  the  Mexican  plateau,  or 
many  as  &r  south  as  Chili  The  same  may  be  said  of  the 
plants  of  the  intervening  great  plains,  except  that  northward 
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and  in  the  subsaline  vegetation  diere  are  some  oloae  alliuiflei 
with  the  flora  of  the  steppes  of  Siberia.  And  along  the  oresls 
of  high  mountain  ranges  the  arctic-alpine  flora  has  sent  soolli- 
ward  more  or  less  numerous  representatives  through  the  whole 
length  of  the  country. 

If  we  now  compare,  as  to  their  flora  generaUyy  the  Atlanlio 
Uhited  States  with  Japan,  Mandchuria,  and  llcnrtheni  Cfainii 
i.  &,  Eastern  North  America  with  Eastern  North  Asia — half  the 
earth's  circumference  apart — we  find  an  astonishinff  rimilaritj'. 
The  larger  part  of  the  genera  of  our  own  region  which  I  have 
enumerated  as  wanting  in  California  are  present  in  Japan  or 
Mandchuria,  along  vrith  many  other  peculiar  plants  diviaed  be* 
tween  the  two.  There  are  plants  enough  of  the  one  rc^gioB 
which  have  no  representatives  in  the  otiier.  There  axe  types 
which  appear  to  have  reached  the  Atlantic  States  fiom  the 
South,  and  there  is  a  larger  infusion  of  subtropical  Asuitie 
types  into  temperate  China  and  Japan ;  among  these  there  is  no 
relationship  between  the  two  countries  to  speak  o£  There  aie 
also,  as  I  have  already  said,  no  small  number  of  genera  and 
some  species  which,  b»eing  common  all  round  or  partially  round 
the  northern  temperate  zone,  have  no  special  significance  Decaase 
of  their  occurrence  in  these  two  antipodal  floras,  although  they 
have  testimony  to  bear  upon  the  general  question  of  geographi- 
cal distribution.  The  point  to  be  remarked  is  that  many  or 
even  most  of  the  genera  and  species  which  are  peculiar  to  North 
America  as  compared  with  Europe,  and  largelv  peculiar  to 
Atlantic  North  America  as  com  pared  with  the  Califomian  region, 
are  also  represented  in  Japan  and  Mandchuria,  either  by  identi- 
cal or  by  closely  similar  forms.  The  same  rule  holds  on  a  more 
northward  line,  although  not  so  strikingly.  If  we  compare  the 
plants,  say  of  New  England  and  Pennsylvania  (lat  45® — i7®) 
with  those  of  Or^on,  and  then  with  those  of  Northeastern 
Asia,  we  shall  find  many  of  our  own  curiously  repeated  in  the 
latter,  while  only  a  small  number  of  them  can  be  traced  along 
the  route  even  so  far  as  the  western  slope  of  the  Rocky  Moun- 
tains. And  these  repetitions  of  Eastern  American  types  in 
Japan  and  neighboring  districts  are  in  all  degrees  of  likeness. 
Sometimes  the  one  is  undistinguishable  from  the  other ;  some- 
times there  is  a  difference  of  aspect,  but  hardly  of  a  tangible 
character ;  sometimes  the  two  would  be  termed  marked  varie- 
ties if  they  grew  naturally  in  the  same  forest  or  in  the  same 
r^on ;  sometimes  they  are  what  the  botanist  calls  representa- 
[tive  species,  the  one  answering  closely  to  the  other,  but  with 
le  differences  r^arded  as  specific ;  sometimes  the  two  are 
'merely  of  the  same  genus  or  not  quite  that,  but  of  a  single  or 
▼eiy  few  species  in  each  country, — when  the  point  which  inter- 
ns is  that  this  peculiar  limited  type  should  occur  in  two 
lal  places  ana  nowhere  else. 
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It  would  be  tedious  and  except  to  botanists  abstruse  to 
enumerate  instances,  yet  the  whole  strength  of  the  case  depends 
upon  the  number  of  such  instances.  I  propose,  therefore,  if 
the  Association  does  me  the  honor  to  prmt  this  discourse,  to 
append  in  a  note  a  list  of  the  more  remarkable  ones.  But  I 
would  here  mention  two  or  three  cases  as  specimens. 

Our  Rhus  Toxicodendron  or  poison  ivy,  is  very  exactly  re- 
peated in  Japan,  but  is  found  in  no  other  part  of  the  world, 
although  a  species  much  like  it  al)ounds  in  California.  Our 
other  poisonous  Rhus  {E,  venenata),  commonly  called  poison 
dogwood,  is  in  no  way  represented  in  Western  America,  but 
has  so  close  an  analogue  in  Japan  that  the  two  were  taken  for 
the  same  by  Thunberg  and  Linnaeus,  who  called  them  H,  vemix. 

Our  northern  fox-grape,  Vitis  Labrusca,  is  wholly  confined  to 
the  Atlantic  States,  except  that  it  reappears  in  Japan  and  that 
re^on. 

The  original  Wistaria  is  a  woody  leguminous  climber,  with 
showy  blossoms,  native  to  the  Middle  Atlantic  States.  The 
other  species  which  we  so  much  prize  in  cultivation,  W,  SinensiSj 
is  from  China,  as  its  name  denotes,  or  perhaps  only  from  Japan, 
where  it  is  certainly  indigenous. 

Our  yellow  wooa  (Cladrastis)  inhabits  a  very  limited  district 
on  the  western  slope  of  the  Alleghanies.  Its  only  and  very 
near  relative  {Maaclcia)  is  in  Mandehuria. 

The  Hydrangeas  have  some  species  in  our  Alleghany  region. 
All  the  rest  belong  to  the  Chino-Japanese  region  and  its  con- 
tinuation westward.  The  same  may  be  said  of  Philadelphus^ 
except  that  there  are  one  or  two  mostly  very  similar  in  Cali- 
fornia and  Oregon. 

Our  blue  cohosh  {CaidophyUum)  is  confined  to  the  woods  of 
the  Atlantic  States,  but  has  lately  been  discovered  in  Japan. 
A  peculiar  relative  of  it,  Dipht/Ueia,  confined  to  the  higher 
Alleghanies,  is  also  repeated  in  Japan,  with  a  slight  diflference, 
so  that  it  may  barely  be  distinguished  as  another  species. 
Another  relative  is  our  twin  leaf,  Jeffersonia,  of  the  Alleghany 
region  alona  A  second  species  has  lately  turned  up  in  Mand- 
ehuria. A  relative  of  this  is  Podophyllum,  our  mandrake,  a 
common  inhabitant  of  the  Atlantic  United  States,  but  found 
nowhere  else.  There  is  one  other  species  of  it,  and  that  is  in 
the  Himalaya&  Here  are  four  most  peculiar  genera  of  one 
fiunily,  each  of  a  single  species  in  the  Atlantic  United  States, 
which  are  duplicated  on  the  other  side  of  the  world,  either  in 
identical  or  almost  identical  species,  or  in  an  analogous  species, 
while  nothing  else  of  the  kind  is  known  in  any  other  part  of 
the  world. 

I  ought  not  to  omit  ginseng,  the  root  so  prized  by  the  Chinese, 
.which  they  obtained  from  their  northern  provinces  and  Mand- 
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churia,  and  which  is  now  known  to  inhabit  Corea  and  Northern 
Japan.  The  Jesnit  Fathers  identified  the  plant  in  Canada  and 
the  Atlantic  States,  brought  over  the  Chinese  name  by  which 
we  know  it,  and  established  the  trade  in  it  which  was  for  tdbbj 
years  most  profitable.  The  exportation  of  ginsenff  to  China 
has  probably  not  yet  entirely  ceased.  Whether  the  Asiatic  and 
the  Atlantic  American  ginsengs  are  exactly  of  the  same  spedeB 
or  not  is  somewhat  uncertain,  bnt  they  are  hardly  if  at  all  dis- 
tii^ishable. 

There  is  a  shrub — ElUottia — which  is  so  rare  and  local  that 
it  is  known  onlv  at  two  stations  on  the  Savannah  river  in 
Georgia.  It  is  of  peculiar  structure,  and  was  without  near  rda- 
tive  until  one  was  lately  discovered  in  Japan  (in  Tripetalda) 
so  like  it  as  hardly  to  be  distinguishable  except  by  having  the 
parts  of  the  blossom  in  threes  instead  of  founs,  a  difference 
which  is  not  uncommon  in  the  same  genus  or  even  in  the  same 
speciea 

Suppose  Elliottia  had  happened  to  be  collected  only  once,  a 
^ood  while  ago,  and  all  knowledge  of  the  limited  and  obscure 
locality  was  lost ;  and  meanwhile  the  Japanese  form  came  to  be 
known.  Such  a  case  would  be  parallel  with  an  actual  ona  A 
specimen  of  a  peculiar  plant,  Shortia  gahunfolia,  was  detected  in 
the  herbarium  of  the  elder  Michaux,  who  collected  it  ( as  his 
autograph  ticket  showsj  somewhere  in  the  high  Alleghany 
mountains  more  than  eighty  years  ago.  No  one  has  seen  the 
living  plant  since,  or  knows  where  to  find  it,  if  haply  it  still 
flourishes  in  some  secluded  spot  At  length  it  is  found  in 
Japan ;  and  I  had  the  satisfaction  of  making  the  identification.* 
One  other  relative  is  also  known  in  Japan ;  and  another  still 
unpublished  has  just  been  detected  in  Thibet 

W  hether  the  Japanese  and  the  AUeghanian  plants  are  exactly 
the  same  or  not,  it  needs  complete  specimens  of  the  two  to 
settla  So  far  as  we  know  thev  are  just  alika  And  even  if 
some  difierence  were  discerned  between  them,  it  would  not  ap- 
preciably alter  the  question  as  to  how  such  a  result  came  to 
pasa  Each  and  every  one  of  the  analogous  cases  I  have  been 
detailing— and  very  many  more  could  be  mentioned — raises 
the  same  question  and  would  be  satisfied  with  the  same  answer. 

These  singular  relations  attracted  my  curiosity  early  in  the 
course  of  my  botanical  studies,  when  comparatively  few  of  them 
were  known,  and  my  serious  attention  in  later  years,  when  I  had 
numerous  and  new  Japanese  plants  to  study  in  the  collections 
made  (by  Messrs.  Williams  and  Morrow)  during  Commodore 
Perry's  visit  in  1853,  and,  especially,  by  Mr.  Charles  Wright, 
in  Commodore  Eodgers'  expedition  in  1855.     I  then  discussed 

*  This  Joumalf  1867,  p.  402.    Proc.  Am.  Acad.,  yiii,  p.  244. 
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this  subject  somewhat  fully,  and  tabulated  the  facts  within  my 
reach.* 

This  was  before  Heer  had  developed  the  rich  fossil  botany 
of  the  arctic  zone,  before  the  immense  antiquity  of  existing 
species  of  plants  was  recognised,  and  before  the  publication 
of  Darwin's  now  famous  volume  on  the  Origin  of  Species 
had  introduced  and  familiarized  the  scientific  world  with  those 
now  current  ideas  respecting  the  history  and  vicissitudes  of 
species,  with  which  I  attempted  to  deal  in  a  tentative  and 
feeble  way. 

My  speculation  was  based  upon  the  former  glaciation  of  the 
nortnem  temperate  zone,  and  the  inference  of  a  warmer  period 
preceding  (and,  perhaps,  following).  I  considered  that  our  own 
present  vegetation,  or  its  proximate  ancestry,  must  have  occupied 
the  arctic  and  sub-arctic  regions  in  pliocene  times,  and  that  it  nad 
been  gradually  pushed  southward  as  the  temperature  lowered 
and  the  glaciation  advanced  even  beyond  its  present  habitation  ; 
that  plants  of  the  same  stock  and  kindred,  probably  ran^ng 
Touna  the  arctic  zone  as  the  present  arctic  species  do,  inade  their 
forced  migration  southward  upon  widely  diflferent  longitudes, 
and  receded  more  or  less  as  the  climate  grew  warmer ;  that  the 
general  diflFerence  of  climate  which  marks  the  eastern  and  the 
western  sides  of  the  continents — the  one  extreme,  the  other 
mean — was  doubtless  even  then  established,  so  that  the  same 
species  and  the  same  sorts  of  species  would  be  likely  to  secure 
and  retain  foothold  in  the  similar  climates  of  Japan  and  the 
Atlantic  United  States,  but  not  in  intermediate  regions  of  dif- 
ferent distribution  of  heat  and  moisture;  so  that  diflFerent 
species  of  the  same  genus,  as  in  Torreya^  or  different  genera  of 
the  same  group,  as  Redwood,  Taxodium^  and  Olyptostrcbus^  or 
different  associations  of  forest  trees,  might  establish  themselves 
each  in  the  region  best  suited  to  their  particular  requirements, 
while  they  would  fiul  to  do  so  in  any  other.  These  views 
implied  that  the  sources  of  our  actual  vegetation,  and  the 
explanation  of  these  peculiarities,  were  to  be  sought  in  and 
presupposed  an  ancestry  in  pliocene  or  still  earlier  times  occu- 
pying the  high  northern  regions.  And  it  was  thought  that 
the  occurrence  of  peculiarly  North  American  genera  in  Europe 
in  the  tertiary  period  (such  as  Taxodium^  Carya^  Liquidambar^ 
Sassafras^  Negundo,  &c),  might  be  best  explained  on  the 
assumption  of  early  interchange  and  diffusion  through  North 
Asia,  rather  than  by  that  of  the  fabled  Atlantis. 

The  hypothesis  supposed  a  gradual  modification  of  species  in 
different  directions  under  altering  conditions,  at  least  to  the 
extent  of  producing  varieties,  sub-species,  and  representative 
species,  as  they  may  be  variously  regarded ;  likewise  the  single 

*  Mem.  Amer.  AcacL,  vol.  vi. 
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and  local  orifrni.ilioii  of  each  type,  wljicli  is  now  almost  urn- 1 

versnUy  takc-u  Jcu- yr:mlfLL 

The  remarkable  facts  in  regard  to  the  BiBtan  An 
Asiatic  floras,  wbich  these  speoolationa  wero  to  cubUi 
since  increased  in  number,  more  e^edally  tliroagbue  i 
ble  collections  of  Dr.  Uaximowictz  in  Jma  and  ai^JMent  flcm- 
tnea,  and  the  critical  oomparisons  he  dm  made  and  ii  ilfll 
engaged  upon. 

I  am  bound  to  state  that  in  a  recent  general  voik  *  bj'  •  da- 
tinguished  botanist,  Professor  Qrisebaoh  of  Gottiogea,  tiMM 
facts  have  been  emptied  of  all  specual  'Pg"ififfaTww>,  and  tin 
relations  between  the  Japanese  and  the  Auantio  United  SMm 
floras  declared  to  be  no  more  intimate  than  might  be  ftxym^fi 
&oin  the  situation,  climate,  and  present  opportnni^  o(  inter- 
change. This  extraordinary  coucluaion  ia  reached  b^  ngndiiig 
as  distinct  species  all  the  plants  common  to  both  oonatriei  bo- 
tween  which  any  differences  have  been  diBoemed,  althoiiff]i  iMk 
differences  would  probably  count  for  little  if  the  two  ^aliited 
the  same  country,  thus  transferring  many  of  my  list  of  identieil 
to  that  of  representative  species,  and  then  by  simply  diminatiiig 
from  consideration  the  whole  array  of  repreaentattve  species,  i  a, 
all  cases  in  which  the  Japanese  and  the  American  plant  are 
not  exactly  alike.  As  if,  by  pronouncing  the  cabalistic  word 
species,  the  question  were  settltwi,  or  rather  the  greater  part  of 
it  remanded  out  of  the  domain  of  science ;  as  if,  while  com- 
plete identity  of  forms  implies  communily  of  region,  anydiiiur 
short  of  it  carries  no  presumption  of  the  kind ;  so  leaving  aS 
these  singular  duplicates  to  be  wondered  at,  indeed,  but  wholly 
beyond  the  reach  of  inquiry. 

Now  the  only  known  cause  of  such  likeness  is  inheritance; 
and  as  all  transmission  of  likeness  is  with  some  difference  in 
individuals,  and  as  changed  conditions  have  resulted,  as  is  well 
known,  in  very  considerable  differences,  it  seems  to  me  that  if 
the  high  antiquity  of  our  actual  vegetation  could  be  rendered 
probable,  not  to  say  certain,  and  the  former  habitation  of  any 
of  our  species,  or  of  very  near  relatives  of  them  in  high  northern 
regions  could  be  ascertained,  my  whole  case  would  be  made 
out.  The  needful  facts,  of  which  I  was  ignorant  when  my 
essay  was  published,  have  now  been  for  some  years  made  known, 
thanks  mainly  to  the  researches  of  Heer  upon  ample  collections 
of  arctic  fossil  plants.  These  are  confirmed  and  extended 
through  new  investigations  by  Heer  and  Lesquereux,  the  results 
of  which  have  been  indicated  to  me  by  the  latter. 

The  Taxodium,  which  everywhere  abounds  in  the  miocene 

formations   in  Europe,   has   been   specifically   identified,  firet 

by  Goeppert,  then  by  Heer,  with  our  common  cypress  of  the 

*  Die  Vegetatioii  der  EMe  iwdt  Ihrar  Uimatiacheii  Anordiimig,  ISTL 


American  Association  at  Dubuque.  296 

Southern  States.  It  has  been  found  fossil  in  Spitzbergen, 
Greenland  and  Alaska,  in  the  latter  country  along  with  the 
remains  of  another  form,  distinguishable,  but  very  like  the 
common  species ;  and  this  has  been  identified  by  Lesquereux 
in  the  miocene  of  the  Rocky  Mountains.  So  there  is  one 
species  of  tree  which  has  come  down  essentially  unchanged 
from  the  tertiary  period,  which  for  a  long  while  inhabited  both 
Europe  and  North  America,  and  also  at  some  part  of  the  period 
the  region  which  geographically  connects  the  two  (once  doubt- 
less much  more  closely  than  now),  but  has  survived  only  in  the 
Atlantic  United  States  and  Mexico. 

The  same  JSequaia  which  abound  in  the  same  miocene  forma- 
tions in  Northern  Europe  has  been  abundantly  found  in  those 
of  Iceland,  Spitzbergen,  Greenland,  Mackenzie  river,  and  Alaska. 
It  is  named  S.  Langsdorfii^  but  is  pronounced  to  be  very  much 
like  S.  sempervirensy  our  living  redwood  of  the  Califomian  coast, 
and  to  be  the  ancient  representive  of  it  Fossil  specimens  of  a 
similar,  if  not  the  same,  species  have  been  recently  detected  in  the 
Bocky  Mountains  by  Hayden,  and  determined  by  our  eminent 
pideontological  botanist,  Lesq^uereux ;  and  he  assures  me  that 
ne  has  the  common  redwood  itself  from  Oregon,  in  a  deposit  of 
tertiary  age.  Another  Sequoia  {S.  Stemiergii),  discovered  in 
miocene  deposits  in  Greenland,  is  pronounced  to  be  the  repre- 
sentative of  S.  gigantea,  the  big  tree  of  the  Califomian  sierra.  If 
the  Taxodium  of  tertiary  time  in  Europe  and  throughout  the 
arctic  r^ons  is  the  ancestor  of  our  present  bald  cypress,  which 
is  assumed  in  regarding  them  as  specifically  identical,  then  I 
think  we  may,  with  our  present  light,  fairly  assume  that  the 
two  redwoods  of  California  are  the  direct  or  collateral  descen- 
dants of  the  two  ancient  species  which  so  closely  resemble  thenL 

The  forests  of  the  arctic  zone  in  tertiary  times  contained  at 
least  three  other  species  of  Sequoia^  as  determined  by  their  re- 
mains, one  of  whicn,  from  Spitzbergen,  also  much  resembles  the 
common  redwood  of  California.  Another, "  which  appears  to  have 
been  the  commonest  coniferous  tree  on  Disco,"  was  common  in 
England  and  some  other  parts  of  Europe.  So  the  Sequoias,  now 
remarkable  for  their  restricted  station  and  numbers,  as  well  as 
for  their  extraordinary  size,  are  of  an  ancient  stock;  their 
ancestors  and  kindred  formed  a  large  part  of  the  forests  which 
flourished  throughout  the  polar  regions,  now  desolate  and  ice- 
clad,  and  which  extended  into  low  latitudes  in  Europe.  On 
this  continent  one  species  at  least  had  reached  to  the  vicinity  of 
its  present  habitat  before  the  glaciation  of  the  region.  Among 
the  fossil  specimens  alreadv  found  in  California,  but  which  our 
trustworthy  paleontological  botanist  has  not  vet  had  time  to  ex- 
amine, we  may  expect  to  find  evidence  of  the  early  arrival  of 
these  two  redwooas  upon  the  ground  which  they  now,  after 
much  yiciflsitude,  scantily  occupy. 
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Differences  of  climate,  or  circomstaDceB  of  migmtiinif  or  bodi, 
must  have  determined  the  Burvival  of  Sequoia  upon  the  FlMsiflo^ 
and  of  Taxodivm  upon  the  Atlantic  coast  and  stul  the  xedwoods 
will  not  stand  in  the  east,  nor  conld  our  Taxodiwm  find  a  con- 
genial station  in  California. 

As  to  the  renAtining  near  relative  of  Sequoia,  the  CAunese 
Glyptostrobus,  a  species  of  it,  and  its  veritable  representative^ 
was  contemporaneous  with  Sequoia  and  Taxodium,  not  only  in 
temperate  Europe,  but  throughout  the  arctic  regions  fiom  Ghreeii- 
land  to  Alaska.  Very  similur  would  seem  to  mtve  been  the  fiito 
of  a  more  fitmiliar  gpinospermous  tree,  the  gingko  or  SaHh 
huria.  It  is  now  inaigenous  to  Japan  only.  Its  ancestor,  as 
we  may  &irly  call  it,  since,  according  to  Heer,  '*  it  corresponds  so 
entirely  with  the  living  species  that  it  can  scarcely  be  separated 
from  it,"  once  inhabited  northern  Europe  and  the  whole  aictte 
region  round  to  Alaska,  and  had  even  a  representatlTe  further 
south  in  our  Rocky  Mountain  district  For  some  reason,  thii 
and  OlyptosircbuB  survived  only  on  the  shores  of  Eastern  Asia 

LUxKedrtia,  on  the  other  hand,  appears  to  have  oast  in  its  lot 
with  the  Se(]^uoias.     Two  species,  according  to  Heer,  were  with 
them  in  Spitzbergen.     Of  the  two  now  fiving,  L.  decufrens 
the  incense-cedar — is  one  of  the  noblest  associates  of  the  present 
redwoods ;  the  other  is  far  south  in  the  Andes  of  Chili. 

The  genealogy  of  the  Torreyas  is  more  obscure  ;  yet  it  is  not 
unlikely  that  the  yew -like  trees,  named  TaxtteSj  which  flourished 
with  the  Sequoias  in  the  tertiary  arctic  forests,  are  the  remote 
ancestors  of  the  three  species  of  Torreya,  now  severally  in 
Florida,  in  California,  ana  in  Japan. 

As  to  the  pines  and  firs,  these  were  more  numerously  asso- 
ciated with  the  ancient  Sequoias  of  the  polar  forests  than  with 
their  present  representatives,  but  in  different  species,  apparently 
more  like  those  of  eastern  than  of  western  North  America 
They  must  have  encircled  the  polar  zone  then,  as  they  encircle 
the  present  temperate  zone  now. 

I  must  refrain  from  all  enumeration  of  the  angiospermous  or 
ordinary  deciduous  trees  and  shrubs,  which  are  now  known  by 
their  fossil  remains  to  have  flourished  throughout  the  pohur 
r^ons  when  Greenland  better  deserved  its  name,  and  enjoyed 
the  present  climate  of  New  England  and  New  Jersey.  Then 
Greenland  and  the  rest  of  the  north  abounded  with  oaks,  repre- 
senting the  several  groups  of  species  which  now  inhabit  both  our 
eastern  and  western  forest  districts ;  several  poplars,  one  very 
like  our  balsam  poplar  or  balm  of  gilead  tree ;  more  beeches 
than  there  are  now,  a  hornbeam,  and  a  hop  hornbeam,  some 
birches,  a  persimmon,  and  a  planer-tree,  near  representatives  of 
those  of  the  Old  World,  at  least  of  Asia,  as  well  as  of  Atlantic 
North  America,  but  all  wanting  in  California ;  one  Juglans 
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like  the  walnut  of  the  Old  World,  and  another  like  our  black 
walnut ;  two  or  three  grape  vines,  one  near  our  Southern  fox 
grape  or  muscadine,  the  other  near  our  Northern  frost  grape ;  a 
Tilia  very  like  our  Basswood  of  the  Atlantic  States  only ;  a 
Liquidambar ;  a  Magnolia,  which  recalls  our  M.  grandiflora  ;  a 
L&iodendron^  sole  representative  of  our  tulip  tree ;  and  a  sassa- 
fras, very  like  the  living  tree. 

Most  of  these,  it  will  be  noticed,  have  their  nearest  or  their 
only  living  representatives  in  the  Atlantic  States,  and  when 
elsewhere,  mainly  in  Eastern  Asia.  Several  of  them,  or  of 
species  like  them,  have  been  detected  in  our  tertiary  deposits 
west  of  the  Mississippi  by  Newberry  and  Lesquereux. 

Herbaceous  plants,  as  it  happens,  are  rarely  preserved  in  a 
fossil  state,  else  they  would  probably  supply  additional  testi* 
mony  to  the  antiquity  of  our  existing  vegetation,  its  wide 
diffiision  over  the  northern  and  now  frigid,  zone,  and  its  enforced 
migrations  under  changes  of  climate. 

Concluding,  then,  as  we  must,  that  our  existing  vegetation, 
as  a  whole,  is  a  continuation  of  that  of  the  tertiary  period,  may 
we  suppose  that  it  absolutely  originated  then  ?  Evidently  not 
The  preceding  Cretaceous  period  has  furnished  to  Carruthers 
in  Europe  a  fossil  fruit  like  that  of  the  Sequoia  gigantea  of  the 
famous  groves,  associated  with  pines  of  the  same  character  as 
those  that  accompany  the  present  tree ;  has  furnished  to  Heer, 
from  Greenland,  two  more  Sequoias,  one  of  them  identical  with 
a  tertiary  species,  and  one  nearly  allied  to  Sequoia  Langsdorfii^ 
which  in  turn  is  a  probable  ancestor  of  the  common  Califomian 
redwood ;  has  furnished  to  Lesquereux  in  North  America,  the 
remains  of  another  ancient  Sequoia,  a  Glyptostrobus ;  a  Liquid- 
ambar which  well  represents  our  sweet-gum  tree ;  oaks  analogous 
to  living  ones ;  leaves  of  a  plane  tree,  which  are  also  in  the 
tertiary,  and  are  scarcely  distinguishable  from  our  own  Platanus 
occtdentalis ;  of  a  Magnolia  and  tulip  tree ;  and  '^  of  a  sassafras 
undistinguishable  from  our  living  species."  I  need  not  con- 
tinue the  enumeration.  Suffice  it  to  say  that  the  facts  will  jus- 
tify the  conclusion  which  Lesquereux — ^a  very  scrupulous  inves- 
tigator— has  already  announced,  "  That  the  essential  types  of 
our  actual  flora  are  marked  in  the  cretaceous  pe^od,  ana  have 
come  to  us  after  passing,  without  notable  changes,  through  the 
tertiary  formations  of  our  continent 

According  to  these  views,  as  regards  plants  at  least,  the 

adaptation  to  successive  times  and  changed  conditions  has  been 

maintained,  not  by  absolute  renewals,  but  by  gradual  modifica- 

tiona     I,  for  one,  cannot  doubt  that  the  present  existing  species 

are  the  lineal  successors  of  those  that  garnished  the  earth  in 

the  old  time  before  them,  and  that  they  were  as  well  adapted  to 

their  surroundings  then  as  those  which   flourish  and  bloom 

around  us  are  to  their  conditions  now.     Order  and  exquisite 
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adaptation  did  not  wait  for  man's  coming,  nor  were  tbey  4 
stereotyped.  Organic  Nature, — by  which  I  mean  the  system  and 
totality  of  livine  things,  and  their  adaptatiou  to  each  other  and  to 
the  world, — with  all  its  apjxirent  and  indeed  real  atability,  should 
be  likened,  not  to  the  ocean,  which  varies  only  by  tidal  oscilla- 
tiona  from  a  fixed  level  to  which  it  ia  always  returning,  hat 
rather  to  a  river  so  vast  that  we  can  neither  tfiscero  its  Siorea 
nor  reach  its  sources,  and  whose  onward  flow  is  not  less  actual 
because  too  slow  to  be  observed  by  the  ephemerae  which  hover 
over  its  surface  or  are  borne  upon  ita  bosom. 

Such  ideas  as  these,  though  still  repugnant  to  some,  and  not 
long  since  to  many,  have  so  possessed  the  minds  of  the  natural- 
ists of  the  present  day  that  hardly  a  discourse  can  be  pronouncol 
or  an  investigation  prosecuted  without  reference  to  them.  I 
suppose  that  the  views  here  taken  are  little  if  at  all  in  advance 
of  tne  average  scientific  mind  of  the  day.  I  cannot  re^rd  them 
as  less  noble  than  those  which  they  are  succeeding. 

An  able  phil'.isophical  writer,  Miss  Frances  Power  Cobbe,  lias 
recentlv  nnrl  trutlifully  ?:\v\  :* 

"  It  is  a  singolar  £acC  that  when  we  oan  find  ont  lioir  ulydiing 
is  done,  our  first  conclaslon  seems  to  be  tiist  Ood  did  not  do  it. 
No  matter  how  wonderfol,  how  beautiiiil,  how  intdmately  complex 
and  delicate  has  been  the  machinery  which  has  worked,  perhaps 
for  centuries,  perhaps  for  millioDs  of  ages,  to  bring  about  some 
beneficent  result,  if  we  can  bat  catch  a  glimpse  of  the  wheels,  its 
divine  character  disappears." 

I  agree  with  Jhe  writer  that  this  first  conclusion  is  premature 
and  unworthy ;  I  will  add  deplorable.  Through  wnat  £iults 
or  infirmities  of  dogmatism  on  the  one  hand  and  scepticism  on 
the  other  it  came  to  be  so  thought,  we  need  not  here  consider. 
Let  us  hope,  and  I  confidently  expect,  that  it  ia  not  to  last ;  that 
the  religious  faith  which  survived  without  a  shock  the  notion 
of  the  fixity  of  the  earth  itself,  may  equally  outlast  the  notion  of 
the  absolute  fixity  of  the  species  which  inhabit  it ;  that,  in  the 
future  even  more  than  in  the  past,  faith  in  an  orda-  which  is 
the  basis  of  science  will  not  (as  it  cannot  reasonably)  be  dis- 
severed fit>m  faith  in  an  Ordainer,  which  is  the  basis  of  religion. 


Aht.   XXXIX. — Preliminary  Description  of  New  Tertiary 
"    -a;  by  0.  a  Marsh.    Part  I 


The  remains  described  in  this  paper  are  from  the  early  Ter- 
tiary deposits  of  the  Rocky  Mountain  region,  and  were  dis- 
covered by  the  Yale  Collie  party  during  their  explorations  in 
the  summer  and  autumn  of  last  year.     The  localities  are  nearly 
*  Danriniam  in  UonU,  in  Tlwological  Renaw,  April,  IBIl. 
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all  in  the  Eocene  beds  of  the  Green  River  basin,  first  examined 
by  the  Yale  party,  in  1870,  and  found  to  contain  so  many  new 
and  interesting  forms  of  vertebrate  Ufa*  In  this  extinct  fauna, 
Beptiles  were  particularly  abundant,  and  among  them  were 
numerous  Lizards,  several  species  of  which  are  here  described. 

Thmosaurus  paiLcidens,  gen.  et  sp.  nov. 

This  genus  includes  a  number  of  large  carnivorous  Lizards, 
which  resemble,  in  some  respects,  the  Varanidae,  or  Monitors. 
The  vertebrae  are  similar  in  form  to  those  of  Vai^antiSj  but  differ 
in  being  joined  together,  especially  in  the  dorsal  region,  by  a 
peculiar  modification  of  the  zygosphenal  articulation.  This  is 
essentially  a  repetition  of  the  anterior  zygapophyses  by  an  inter- 
mediate and  diminutive  pair  of  wedge-shaped  processes,  which 
replace  the  usual  zvgosphene  seen  in  the  vertebrae  of  Iguanas 
and  Serpents.  In  tlie  caudal  vertebrae,  this  articulation  grad- 
ually subsides  to  a  low  roof,  projecting  in  front  over  the  neural 
canal.  The  zygantral  cavities  are  distinct,  but  not  so  deep  as 
in  the  Iguana,'  They  are  separated  in  the  anterior  vertebrae  by 
a  median  ridge,  the  sides  of  which  fit  against  the  articular  faces 
of  the  small  intermediate  zygapophyses.  Some  of  the  cervi- 
cal vertebrae  had  free  articulated  hypapophyses,  as  in  the  Mosa- 
sauroid  Reptiles.  The  bones  of  the  skuII  are  smooth,  and  were 
evidently  without  osseous  dermal  scutes,  which  was  doubtless 
the  case  also  with  the  rest  of  the  body.  There  was  a  parietal 
foramen.  The  teeth  are  pleurodont,  and,  in  the  specimens  at 
present  known,  have  broad  expanded  bases.  All  the  species 
appear  to  have  had  a  long  tail,  and  were  probably  good  awim- 
mers.  This  genus  may  be  readily  distinguished  from  Olt/pto- 
sauras  Marsh,  by  the  absence  of  the  ornamented  dermal  plates, 
which  protected  all  the  species  of  that  group.  The  genus 
Saniva  of  Leidy  is  probably  more  nearly  related,  but  so  far  as 
now  known  the  vertebrae  appear  to  have  been  united  only  by 
the  usual  articulation. 

The  present  species  is  based  upon  the  greater  part  of  a  skele- 
ton found,  by  tne  writer,  in  place.  Portions  of  several  other 
skeletons  were  discovered  in  tne  same  region  by  other  members 
of  the  Yale  party.  In  the  former  specimen,  the  teeth  were  not 
numerous,  but  appear  to  have  been  long  and  sharp.  The  bases 
of  the  crowns  attached  to  the  inner  wall  of  the  jaw  are  much 
expanded,  and  their  sides  furrowed,  as  in  Hehderma,  The 
dorsal  vertebrae  have  the  articular  ball  and  cup  transversely 
elliptical,  and  much  inclined.  The  centra  have  their  inferior 
surface  very  slightly  concave  longitudinally,  and  convex  trans- 
versely.    T?he  articular  faces  for  attachment  of  the  ribs  have 

*  This  Journal,  yoI.  i,  1871,  pp.  192,  322,  and  447. 
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a  round  tubercle  on  their  upper  portion.  The  nonl  varte- 
brsd  are  short,  and  are  quite  ooucave  below  loDgitadinaUy. 
They  have  no  ridge  between  the  zygantnd  cavities,  as  in  the 
anterior  vertebrsB.  The  anterior  and  medial  caudals  are  eloii- 
gated,  but  less  bo  than  the  dorsals.  The  distal  oaadal  yerto- 
brffi  are  slender,  but  not  materiallj  compressed.  The  limb 
bones  preserved  resemble  those  of  tne  Ij^uanaa     The  remains 

{>reserved  of  this  species  indicate  an  ammal  about  four  fiset  in 
engtL 


Space  occupied  by  three  lower  teeth,. IS'  *"* 

Length  of  dorsal  vertebra  from  edge  of  cup  to  end  of  ball,  16* 

Width  of  articular  cup, 11* 

Width  of  ball, 10-2 

Expanse  of  anterior  sygapophyses, • 19* 

Expanse  of  posterior  zygapopbyses, 17' 

Expanse  of  small  intermediate  processes,. •  4'5 

Length  of  first  sacral  vertebra, 18* 

Width  of  cup, S'd 

Length  of  first  caudal, 18*9 

The  type  specimen  of  this  species  was  found  by  the  writer, 
last  September,  at  Grizzly  Buttes,  Wyoming.  The  geological 
horizon  is  Eocene,  or  possibly  Upper  Miocene. 

Thinosaurus  leptodua,  sp.  nov. 

This  species,  which  was  somewhat  smaller  than  the  one 
above  described,  is  indicated  by  the  more  important  parts  of 
two  skeletons,  and  some  isolated  remains  of  dtner  individuals. 
The  teeth  preserved  are  of  unequal  size,  with  the  crowns 
slender,  compressed,  and  pointed ;  and  curving  backward  and 
inward.  The  grooves  at  the  base  are  deep,  and  pass  upward 
over  the  lower  half,  at  least,  of  the  crown.  There  is  a  distinct 
cutting  edge  in  front,  but  none  behind  on  the  lower  part  of  the 
teeth  observed.  The  vertebrae  are  very  similar  to  tnose  of  T. 
paucidens.  The  articular  cup  is  transversely  elliptical,  and  is 
fiiintly  depressed  above  for  the  neural  canaL  The  two  sacral 
vertebrse  are  ankyhsed.     Both   are  short,  and  have  a  deep 

?'oove  on  the  lower  surface  of  the  expanded  diapophyses. 
he  pelvic  arch  is  very  similar  to  that  in  the  Iguanas,  but  the 
ilium  is  pointed  at  its  upper  extremity.  The  caudal  vertebra 
have  the  chevrons  situated  about  one-third  the  len^h  of  the 
centrum  from  the  end  of  the  articular  ball.  The  taU  was  long 
and  slender. 

Space  occupied  by  three  lower  teeth, H .  bb. 

Antero-posterior  diameter  of  crown  of  lower  tooth,. 2*5 

Transverse  diameter, 1  '5 
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Len^h  of  dorsal  vertebra  on  lower  surface, 18*6' 

Width  of  cup, 9- 

Expanse  of  anterior  zygapophyses, 16* 

Length  of  two  united  sacral  vertebraB, 18*6 

Length  of  ilium, 42*7 

The  skeleton  on  which  this  description  is  mainly  based  was 
found  in  September  last,  at  Grizzly  jButtes,  Wyoming,  by  Mr. 
J.  F.  Quigley.  Another  fine  specimen  was  found  at  the  same 
locality  by  Mr.  G.  G.  Lobdell,  Jr. 

Thinosaurus  crassus^  sp.  nov. 

A  third  and  still  larger  species  of  the  same  genus  is  repre- 
sented in  our  Wyoming  collections  by  a  number  of  dorsal  ver- 
tebrsB,  and  a  few  other  less  characteristic  remains,  all  parts  of 
one  skeleton.  The  vertebrae  preserved  differ  considerably  from 
those  of  the  preceding  species,  in  being  much  more  massive  in 
proportion  to  their  length,  which  is  about  the  same  as  in  T. 
paucidens.  Those  of  the  dorsal  series  have  the  inferior  surfiEice 
of  the  centrum  nearly  straight  longitudinally,  and  flat  or 
slightly  concave  transversely.  The  unarticular  surface  of  the 
vertebrae  is  everywhere  irregularly  striated.  The  known  re- 
mains of  this  species  indicate  a  reptile  about  five  feet  in  length. 

MeoBttremefUs. 

Length  of  dorsal  vertebra  on  lower  surface, 16*  ""* 

Transverse  diameter  of  articular  cup, 1 1*2 

Transverse  diameter  of  ball, 11* 

Vertical  diameter, 5*5 

Expanse  of  anterior  zygapophyses, 22* 

Expanse  of  posterior  zygapophyses,  20*2 

The  specimen  on  which  the  present  species  is  based  was 
found  by  the  writer,  last  September,  in  the  Tertiary  shale  near 
Henry's  Fork,  Wyoming. 

Thinosaurus  grandis,  sp.  nov. 

A  gigantic  Lizard,  the  largest  yet  discovered  in  the  Green 
River  basin,  and  exceeding  in  size  any  living  species,  is  indi- 
cated by  frogmentary  portions  of  several  individuals.  These 
remains  agree  so  nearly  with  those  of  the  species  above  de- 
scribed that  they  may  be  referred,  provisionally  at  least,  to  the 
^nus  Thinosaurus,  The  vertebrae,  so  far  as  Known,  resemble 
m  their  proportions  those  of  T.  crassus,  but  the  dorsals  have 
the  centra  convex  transversely  on  the  inferior  surface.  The 
rudimentary  zygosphene,  moreover,  in  the  type  specimen  of  the 
present  species,  nas  its  sides  inflected,  forming  a  shelf  beneath 
the  cavities  thus  enclosed,  a  peculiarity  not  seen  in  the  verte- 
brae of  the  other  species  of  the  genus.    The  posterior  sacral 
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vertebra  has  a  groove  on  the  lower  side  of  hs  du^xyphyBei. 
This  species  was  probably  not  less  than  seven  feet  m  length, 
and  three  or  foar  tunes  the  bulk  of  Iguana  lubereulala. 

TraDBverse  diameter  of  cap  of  dorsal  vertebra, 13*  ""' 

Transverse  diameter  of  same  vertebra  between  artienlAr 

faces  of  diapophyses, 89* 

Transverse  diameter  of  neural  arch  between  lygapophyau,  15* 

Expanse  of  posterior  zygapophyses, SS* 

Length  of  posterior  sacral  vertebra, 18* 

Transverse  diameter  of  ball, 11-5 

Length  of  first  caudal  vertebra, 18*1 

Antero-posterior  diameter  of  acetabular  cavity, SI* 

The  type  specimen  of  this  species  was  found,  in  September, 
1870,  at  Grizzlv  Buttes,  Wyoming,  by  Mr.  a  W.  Betts,  of  the 
Yale  party  of  that  year. 

Thinosaurtu  agiU'Sj  sp.  nov. 

The  smallest  species  of  the  genus  yet  discovered  is  repres- 
ented in  our  collections  by  some  characteristic  parts  of  one 
skeleton,  in  perfect  preservation,  and  by  several  isolated  ver- 
tebrae from  tne  same  locality.  In  the  former  specimen,  the 
lower  teeth  are  very  similar  to  those  of  T,  leptoausj  the  next 
larger  species,  but  the  basal  grooves  on  the  inner  side  do  not 
extend  up  so  far  on  the  crown.  ThC'  two  species  may  be 
readily  distinguished,  also,  aside  from  the  great  diflference  in 
size,  by  the  anterior  caudal  vertebrae,  which  in  the  present  speci- 
men have  the  articular  cup  much  more  depressed.  In  the 
dorsal  vertebrae,  the  neural  spine  is  quite  short  The  middle 
and  distal  caudals  are  much  elongated.  The  remains  preserved 
indicate  an  animal  about  two  feet  long. 

MeasurementB, 

Length  of  dorsal  vertebra  on  lower  surface, 1 0*8  ""• 

Width  of  articular  cap, 5"5 

Width  of  ball, 6- 

Expanse  of  anterior  zygapophyses, 9' 

Expanse  of  posterior  zygapophyses, 8*2 

Length  of  first  caudal  vertebra, 7'3 

Width  of  articular  cup, 5* 

Vertical  diameter  of  cup, 2*8 

Tranverse  diameter  of  distal  end  of  femur, 8* 

The  specimens  on  which  this  description  is  based  were  found, 
last  autumn,  near  Henry's  Fork,  by  Mr.  G.  G.  Lobdell,  jr. 

Glyptosaurus  jn-incepSj  sp.  nov. 

In  addition  to  the  characters  given  when  the  genus  Olypto- 
«awrt/«  was  proposed,*  the  following,  derived  from  a  study  of 

*  This  Journal,  yoL  i,  p.  456,  June,  1871. 
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more  complete  specimens,  may  be  mentioned.  The  entire  body 
and  tail  was  covered  with  ornamented  osseous  plates,  most  of 
them  united  by  suture.  The  rami  of  the  lower  jaw  were  but 
loosely  attached  at  the  symphysis.  There  were  numerous  small 
teeth,  ^^  dents  en  cardes/^  on  the  pterygoids.  The  malar  arch 
was  complete.  The  parietals  were  thick,  and  there  was  a 
parietal  foramen.  The  pelvic  arch  and  the  limb  bones  resemble 
those  in  the  Iguanas,  but  the  posterior  limbs  were  proportion- 
ally smaller.  The  caudal  vertebrae,  in  some  species  at  least, 
were  divided  transversely  by  a  thin  unossified  septum,  so 
that  the  centra  break  there  readily,  as  in  many  recent  lizarda 
This  genus  and  its  allies  evidently  represent  a  distinct  family, 
which  may  be  called  Olypiosaurzace. 

The  present  species  exceeds  in  size  any  of  the  genus  hitherto 
discovered.  It  is  represented  at  present  by  the  more  important 
parts  of  a  skull,  witn  some  portions  of  a  skeleton  and  numerous 
scutes  of  one  individual,  and  by  a  few  other  fragmentary 
remains.  The  lower  jaws  have  their  rami  curved  in  front,  like 
those  of  HehdermcL  The  lower  teeth  were  close  together,  and 
had  their  bases  deeply  fluted.  The  frontal  bones  are  very 
massive,  and  the  longitudinal  gi-oove  on  their  lower  surface  is 
proportionally  narrow.  The  pterygoid  teeth  are  numerous,  and 
are  closely  and  irr^ularly  crowdea  together.  They  are  tuber- 
cular, and  collectively  resemble  the  patem  of  some  of  the 
dermal  plates.  The  cranial  scutes  preserved  have  their 
tubercles  more  irregular  in  size  and  arrangement  than  in  the 
other  species  of  the  genus.  The  remains  indicate  a  reptile 
folly  six  feet  in  length. 

MeagwremenitB, 

Space  occupied  by  anterior  twelve  lower  teeth, 28*  ""' 

Width  of  f rentals  at  posterior  edge  of  nasal  suture, 16*6 

Width  at  posterior  edge  of  prefrontal  suture, 19* 

Greatest  tnickness  of  frontals  on  median  line, 5* 

Width  of  cotylus  of  lower  jaw, 12* 

Longitudinal  diameter, 8* 

The  type  specimen  of  this  species  was  found  by  the  writer, 
in  September  last,  in  the  Eocene  shale  at  Grizzly  Buttes, 
Wyoming. 

Oreosaurus  vagans,  gen.  et  sp.  nov. 

This  genus  may  be  distinguished  from  Olypiosaurus,  appar- 
ently its  nearest  ally,  by  the  frontal  bones,  which  are  propor- 
tionally much  narrower  at  their  posterior  mai^n,  and  broader 
between  the  orbits.  The  superior  surface  of  these  bones  is, 
moreover,  rough  and  granular,  which  would  indicate  that  they 
were  not  covered  with  osseous  scutes.  The  body  was  thus  pro- 
tected, but  the  dermal  plates   preserved,  even  those  evidently 
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fix)m  the  dorsal  reffioni  were  united  together  by  beveled  edgoL 
The  teeth  were  pleurodont  The  pterygoid  boneB  supported 
minute  tubercular  teeth,  resembling  those  of  QlyplomiviryM. 

In  the  species  here .  described  the  teedi  are  rodlike,  with 
small  bases,  and  obtuse  striated  summits,  which  are  crowned  bj 
a  low  longitudinal  ridge.  The  fix)ntals  are  thick,  and  looselj 
united  by  suture.  Between  the  orbits,  their  sides  are  neadj 
paralleL  Their  upper  surface  is  evenly  marked  by  smaD 
irregular  tubercles.  The  dermal  scutes  preserved  Hkve  t 
simuar  pattern,  and  some  of  them  are  carinate.  The  spedoB 
was  about  three  feet  in  length. 


Space  occupied  by  eight  teeth  near  middle  of  lower  jaw,.  11*8  *"* 

Space  occupied  by  four  anterior  teeth  of  upper  jaw, 9' 

Width  of  band  of  small  teeth  on  pterygoid, 4-0 

Width  of  firontals  at  posterior  margin, 13* 

Width  between  orbits, IL 

The  known  remains  of  this  species  were  found  by  the  writer, 
last  autumn,  at  Grizzly  Buttes,  Wyoming. 

Tino&auruB  stenodon^  gen.  et  sp.  nov. 

A  small  carnivorous  Lizard  is  indicated  among  our  Wyom- 
ing fossils,  by  part  of  a  lower  jaw,  with  two  teeth,  in  excellent 
preservation,  and  by  some  other  fragmentair  specimens.  The 
teeth  preserved  are  from  near  the  middle  of  the  lower  jaw. 
Their  crowns  are  short,  much  compressed,  pointed,  and  curved 
backward.  They  are  separated  from  each  other  about  half  the 
diameter  of  the  crown.  The  anterior  tooth  is  the  larger,  and 
has  on  its  front  edge  a  small  cusp.  The  posterior  tooth  is 
tricuspid.  On  the  outside  of  the  jaw,  in  front  of  each  tooth,  is 
a  groove  cut  by  the  opposing  upper  tooth,  which  was  likewise 
compressed  and  pointed.  The  oases  of  the  lower  teeth  are 
smooth  and  swollen.  The  animal  thus  represented  was  proba- 
bly less  than  two  feet  in  length. 

Measttremenla. 

Space  occupied  by  three  lower  teeth, 4*5  ""• 

Height  of  crown  of  lower  tooth  above  jaw, 1* 

Antero-posteiior  diameter  at  base, 1'8 

Transverse  diameter  of  jaw  below  teeth, 2* 

The  remains  which  can  now  with  certainty  be  referred  to 
this  species  are  from  Henry's  Fork,  Wyoming,  and  were  foimd 
by  Mr.  J.  F.  Page,  in  September  last 
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Part  IL 

Olypix>sauru8  brevidensj  sp.  nov. 

The  present  species  is  well  represented  by  the  greater  portion 
of  a  skeleton  in  remarkable  preservation.  The  reptile  appears 
to  have  been  covered  up,  soon  after  death,  in  the  soft  mud  of 
the  lake,  and  thus  the  bones,  and  even  many  of  the  dermal 
scutes,  were  preserved  in  their  natural  position.  The  remains 
indicate  a  species  about  as  large  as  Olyptosaurus  ocellatus 
Marsh,  and  probably  a  nearly  related  species.  The  frontals  are 
proportionally  thicKCi*  than  in  0,  sylvestris  Marsh,  but  are 
covered  witn  similar  scutes.  The  malar  arch  was  massive. 
The  teeth  are  rod-like,  close  together,  and  unusually  short,  pro- 
jecting but  slightly  beyond  the  jaw.  The  summits  are  obtuse, 
and  marked  by  irregular  striae.  The  pterygoid  teeth  are 
minute,  and  arranged  in  a  narrow  band.  The  dermal  scutes 
on  the  malar  region  are  very  thick,  and  have  their  tubercles  in 
concentric  rows,  forming  an  oceUated  pattern.  The  dorsal 
plates  are  large,  quadrilateral  in  form,  with  the  lateral  margins 
united  by  suture,  and  the  ends  imbricate.  The  exposed  parts 
of  these  scutes  are  covered  with  small  tubercles,  arranged  near 
the  mai^n  in  rows.  The  center  is  more  or  less  carinate 
longitudinally.  The  cervical  vertebrae  have  a  keel  below, 
which  gradually  subsides  in  the  dorsal  region.  The  articular 
ball  is  surrounded  by  a  deep  groove. 

Metuuremmta, 

Width  of  frontals  between  orbits, 19*  ""'• 

Space  occupied  by  five  posterior  upper  teeth, 7*5 

Width  of  occipital  condyle, 8* 

Depth  of  lower  jaw  at  cotylus, 12* 

Length  of  centrum  of  anterior  dorsal  vertebra, 11* 

Width  of  articular  cup, 6.8 

Expanse  of  anterior  zygapophyses, 15' 

Length  of  dorsal  scute, 1 3*5 

Width  of  same, S* 

This  specimen  was  found  by  the  writer,  last  September,  at 
CJrizzly  fiuttes,  Wyoming. 

Olyptosaurus  rugosus^  sp.  nov. 

This  species  may  be  readily  distinguished  from  Olyptosaurus 
sylvestris^  and  other  allied  forms,  by  the  osseous  scutes  on  the 
firontaJs,  which  are  smaller  than  in  any  known  species  of  the 
genus.  These  plates  are  prominently  convex,  and  have  their 
tubercles  nearly  all  of  equal  size,  and  without  definite  arrange- 
ment The  prefrontal  and  postfrontal  bones,  moreover,  ap- 
proach each  other,  above  the  orbit,  much  more  nearly  than  in 
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•the  species  hitherto  described.    The  remains  preserved  of  tihis 
species  indicate  an  animal  about  three  or  four  feet  in  lengih. 

Width  of  both  frontals  at  posterior  margin, 31.  "** 

Width  between  orbits, 82. 

Extent  of  postfrontal  sature  on  frontal, 18'5 

Distance  between  prefrontal  and  postfrontal, 3.2 

Thickness  of  frontals  on  median  line  between  orbita, 3*4 

The  only  known  remains  of  the  present  species  were  found, 
in  September  last,  at  Grizzly  Buttes,  bj«Mr.  T.  G.  Peck,  of  the 
Yale  party. 

Olyptosaurus  sphenodon,  sp.  nov. 

A  smaller  species,  probably  belonging  to  the  genus  Oly]^ 
saurusj  is  indicated  m  our  collections  by  some  fragmentaiy 
remains,  among  which  the  most  characteristic  specimen  is  a 
portion  of  an  upper  jaw  with  seyeral  teetL  These  are  peculiar, 
and  differ  essentially  from  any  yet  discovered  in  the  Green 
River  basin.  The  crowns  are  long,  cylindrical,  sepaiated 
slightly  from  each  other,  and  directed  obliquely  badcward. 
The  summits  are  compressed,  and  very  sharp.  The  bases  of 
the  teeth  are  rugose,  and  the  crowns  smooth.  This  species  was 
about  two  or  three  feet  in  length. 

MBOsuremerUs. 

Space  occupied  by  four  upper  teeth, g.  mm. 

Height  of  upper  tooth  on  inner  side, 4*5 

Extent  beyond  jaw, 2* 

Antcro-poslerior  diameter  of  crown, 1.2 

The  specimens  at  present  representing  this  species  were  dis- 
covered last  autumn,  near  Henry's  Fork,  Wyoming,  by  Mr. 
T.  G.  Peck. 

Olyptosaurus  ocellatus  Marsh. 

This  Journal,  vol  i,  p.  458,  June,  1871. 

Among  our  Eocene  fossils  are  several  specimens  which  evi- 
dently belong  to  Olyptosaurus  ocellatus^  and  fortunately  afford 
additional  specific  characters.  One  of  these  specimens  has  the 
frontal  bones  perfect,  one  postfrontal,  and  a  number  of  other  im- 
portant parts  of  the  same  skull  and  skeleton.  The  frontals  are 
slightly  sigmoid  longitudinally,  the  posterior  margin  and  the  in- 
terobital  region  being  elevatea.  They  are  closely  covered  with 
thick  osseous  scutes,  which  have  their  tubercles  so  arranged  as  to 
form  an  ocellated  pattern.  The  plates  of  the  middle  row  on  each 
frontal  between  the  orbits  have  their  length  and  width  nearly 
equal.  The  pterygoid  bones  have  a  narrow  band  of  teeth  near 
their  inner  margin,  and  exterior  to  this  in  front  a  second  short 
band.  This  species  was  rather  larger  than  the  type  specimen  of 
G.  sylvestn's. 
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MoamremerUa, 

Leneth  of  frontals  on  median  line, 38*  "*"• 

Width  between  orbits, 19*6 

Width  at  posterior  margin, 32*4 

Transverse  diameter  of  mstal  end  of  humerus, 18 '4 

The  specimen  here  described  is  from  Grizzly  Buttes,  Wyo- 
ming, and  was  found  by  Mr.  J.  F.  Page. 

Oreosaurus  tenlus,  sp.  nov. 

Another  species  of  lizard,  which  may  be  placed  provisionally 
in  the  genus  Oreosaurus,  is  indicated  l)y  a  number  of  caudal 
vertebrae,  widely  different  from  any  hitherto  known.  These 
vertebrae  are  short,  and  have  the  lower  surface  of  the  centra 
deeply  excavated,  longitudinally,  by  a  broad  groove,  which 
maxes  the  inferior  border  of  the  articular  cup  and  ball 
emarginate.  The  chevrons  are  thus  attached  on  either  side  to 
a  prominent  ridge,  their  position  being  a  little  behind  the 
middle  of  the  centrum.  The  reptile  represented  by  the  remains 
preserved  was  apparently  about  two  or  three  feet  long. 

Meaauiremenia. 

Length  of  anterior  caudal  vertebra  on  lower  surface, 1'  "*"• 

Transverse  diameter  of  articular  cup, 4*4 

Vertical  diameter, 2' 

Distance  from  chevrons  to  end  of  ball, 3*5 

The  known  remains  of  this  species  were  found  by  the  writer, 
in  September  last,  near  Henry's  Fork,  Wyoming. 

Oreosaurus  gracilis,  sp.  nov. 

A  somewhat  smaller  lizard,  which  may  for  the  present  be 
likewise  referred  to  the  genus  Oreosaurus,  is  represented  by 
several  specimens,  nearly  all  pertaining  to  diflferent  individuals. 
The  most  characteristic  of  these  is  the  greater  portion  of  a 
right  lower  jaw  in  perfect  preservation.  The  teeth  in  this 
specimen  are  numerous,  and  close  together.  They  are  conical 
in  form,  with  small  bases,  and  smooth  sharp  summits,  slightly 
compressed.  The  jaws  were  slender,  and  but  loosely  attached 
to  each  other  by  a  small  symphysis.  The  groove  for  Meckel's 
cartilage  is  narrow,  and  very  short  The  specimens  preserved 
indicate  a  reptile  about  two  feet  in  length. 

Meaawrements, 

Space  occupied  by  the  fourteen  anterior  teeth  of  lower  jaw,  10*2  ™"* 

Depth  of  jaw  below  fourteenth  tooth, 3*5 

Thickness  of  jaw  at  this  point, 2*4 

Length  of  symphysis, 2* 

The  remains  on  which  this  species  is  based  were  found,  last 
autumn,  by  the  writer,  near  Henry's  Fork,  Wyoming.  The 
geological  norizon  is  Eocene. 
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OreosauruM  microdui,  sp.  hot. 

Another  species,  apparentlj  belonging  to  the  eeims  OrtoMwnii^ 
and  about  as  large  as  0.  gracilis^  may  be  established  on  some 
isolated  remains  which  are  quite  characteristic  One  of  iheie 
is  part  of  a  lower  jaw  with  the  teeth  in  excellent  preservatioiL 
The  latter  are  unusuallj  small  and  slender,  and  curve  genUy 
outward.  The  crowns  are  nearly  round ;  the  summitB  obtose^ 
somewhat  compressed,  and  marked  by  irreg|ular  stritt.  The 
jaw  is  stout,  and  the  groove  for  Meckel's  caralage  laiga 


Space  occupied  by  four  teeth  from  near  middle  of  lower  jaw,  S'4  *** 

Depth  of  jaw  near  middle, 9'ft 

Width  of  iaw  near  middle, . . . ; 2' 

Length  of  lower  tooth  including  base, % 8' 

The  only  remains  that  can  now  with  certainty  be  referred  to 
this  species  are  from  the  Eocene  beds,  near  Henry's  Foik, 
where  they  were  found  by  the  writer,  last  September. 

Oreasaurtis  miniUuSj  sp.  nov. 

A  very  diminutive  lizard,  with  teeth  closely  resembling  thoac 
of  Oreosaunis^  is  indicated  among  our  Wyoming  fossils  by  some 
fragments  of  jaws  and  other  less  characteristic  remains,  belong- 
ing to  several  individuals,  which  differed  somewhat  in  size,  but 
agreed  in  their  more  important  characters.  The  teeth  in  these 
specimens  are  cylindrical,  slender,  with  small  bases,  and  sharp 
summits.  They  are  near  together,  and  curve  slightly  inward. 
The  rami  of  the  lower  jaw  were  quite  slender,  and  apparently 
united  together  only  by  cartilaga  Several  vertebrae  were  ob- 
tained by  our  party,  which  probably  pertain  to  this  species. 
The  remains  preserved  indicate  reptiles  not  more  than  six  or 
eight  inches  in  length. 

Measurements. 

Space  occupied  by  eight  anterior  teeth  of  lower  jaw, 2*2  ""°* 

Depth  of  jaw  below  eighth  lower  tooth, 1*5 

Thickness  of  jaw  at  this  point, '8 

Space  occupied  by  four  upper  teeth  of  larger  specimen, ...  2* 

The  type  specimens  of  this  species  were  discovered  by  the 
writer,  last  autumn,  near  Henry  s  Fork,  Wyoming. 

Tinosaurus  lepidiis,  sp.  nov. 

A  species  of  very  small  lizards,  apparently  belonging  to  the 
genus  Tinosaurus^  may  be  established  on  some  fragmentair 
remains  among  our  Wyoming  fossils.  One  of  these  is  the 
anterior  half  of  a  lower  jaw  in  good  condition.  The  teeth  in 
this  specimen  are  compressed,  and  closely  resemble  those  in  the 
chameleon.     The  rami  of  the  lower  jaw  were  stout,  and  not 
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deep,  and  met  each  other  at  a  considerable  angla  The  sym- 
physis is  short,  and  its  surface  nearly  smooth,  showing  that  the 
rami  were  but  slightly  attached.  The  groove  for  MeckeVs 
cartilage  is  unusudly  large.  The  animal  represented  by  the 
remains  preserved  was  probably  not  more  than  a  foot  in  length. 

Measurements, 

Space  occupied  by  four  anterior  lower  teeth, 4*  °^™* 

Depth  of  jaw  below  fourth  tooth, 2' 

Width  of  jaw  at  this  point, 1*6 

Length  of  symphysis, 2* 

The  specimen  here  described  was  found  by  Mr.  O.  Harger, 
in  September  last,  near  Henry's  Fork,  Wyoming. 

Iguanavus  exiliSj  gen.  et  sp.  no  v. 

A  new  and  interesting  genus  of  extinct  lizards,  very  different 
from  those  already  described,  may  be  predicated  upon  a  num- 
ber of  vertebrae,  and  a  few  other  isolated  specimens  which  were 
brought  to  light  during  our  explorations  last  year  in  the  Eocene 
of  Wyoming.  The  caudal  vertebrae  preserved  are  slender,  and 
much  elongated.  The  articular  ball  is  but  little  depressed,  only 
slightly  inclined,  and  very  convex.  The  chevrons  are  attached 
at  the  posterior  end  of  the  centrum,  as  in  the  Iguanas,  to  which 
the  present  species  appears  to  be  clearly  related.  The  centra 
of  the  caudals,  however,  are  less  comprised  than  in  that  genus, 
and  also  want  the  unossified  transverse  septum.  The  vertebrae 
appear  to  have  had  only  a  rudimentary  zygosphenal  articula- 
tion. The  specimens  that  can  now  oe  placea  in  this  species 
belonged  to  animals  about  two  feet  in  length. 

Measwements. 

Length  of  twelfth  caudal  vertebra  on  lower  surface, 1'  "*"' 

Transverse  diameter  of  articular  cup, 2*2 

Vertical  diameter, 1*8 

Transverse  diameter  of  articular  ball, 2' 

The  remains  above  described  were  found  last  September,  by 
the  writer,  near  Henry's  Fork,  Wyoming. 

Limnosaurus  zipfiodorij  gen.  nov. 

Crocodilua  ziphodon  Marsh.    This  Jour.,  vol.  i,  p.  453,  June,  1871. 

Additional  remains  of  this  species,  since  obtained  bv  the 
Yale  party  at  the  same  locality  as  the  type  specnmen,  clearly 
show  that  it  belongs  to  a  genus  quite  distinct  from  the  modem 
Orooodilus.  The  sharp,  compressed  teeth,  with  both  edges 
serrated,  differ  widely  from  tnose  of  any  known  Crocodilians, 
and  alone  afford  a  good  distinctive  character.  Others  will  be 
given  in  the  full  description. 

Yale  GoUegef  New  Haven,  Sept  2l8t,  1872. 


SIO  Scientijk  InidUsfenec 

SCIENTIFIC   INTBLLIGBNCE. 

L  Chemistry  and  Phthigb. 

1.  Water  not  an  EUetrolyte, — The  bookB  hare  Ions  tanglit  tbat 
the  object  of  adding  an  acid,  in  the  electrolyuB  of  w«ter,  b  to 
render  it  a  conductor.  The  fact  that  eompoand  eabstaaoei  when 
decomposable  condact  only  by  electrolymfl,  and  henoeL  that  t 
body  not  an  electrolyte  cannot  be  made  bo  by  the  addition  <rf 
another  body,  has  long  rendered  it  probable  that  it  ia  the  add 
which  is  actually  decomposed  by  the  current,  and  that  the  wator 
suffers  decomposition  only  by  a  secondary  action.  BoiTBaonr  his 
investigated  the  subject  experimentally,  and  has  proved  tiiat 
water  is  not  itself  an  electrolyte.  His  apparatus  consists  dF  a  oell, 
divided  into  two  equal  compartments  by  an  impermeable  septmn, 
which  septum  is  pierced  with  an  opening  so  minute  as  to  prevent 
any  mixing  of  the  liquids  on  its  two  sides^  while  yet  it  allows  tbe 
passage  of  the  current.  The  cell  is  so  arranged  that  the  giaes 
evolved  from  the  electrodes  may  be  collected  and  measured 
Both  compartments  are  filled  with  water  acidulated  with  sulphnrie 
acid,  and  the  current  is  passed  for  a  ^ven  time,  the  hycuogen 
being  collected.  When  the  experiment  is  concluded,  the  contents  of 
the  compartments  are  separately  analyzed.  Under  these  circum- 
stances It  is  found  that,  in  the  positive  compartment,  the  acid  has  in- 
creased in  amount  by  a  certain  quantity  a,  while  in  the  negative  it 
has  diminished  by  the  same  amount,  llie  quantity  of  sulphuric  acid 
decomposed  is  then  equal  to  2  a.  But  this  quantity  of  acid  can 
furnish  only  a  third  oi  the  hydrogen  obtained ;  or,  calling  P  the 
weight  of  the  hydrogen  measured,  the  acid  can  yield  a  quantity  of 

hydrogen  equal  to  — .     It  is  therefore  certain  that  it  is  not  H^SO^ 

which  is  decomposed,  but  II,S044-(H,0)2,  or  H,SO^.  Two 
hypotheses  may  be  offered  to  explam  this  result:  (1)  Both  the 
water  and  the  acid  are  decomposed  by  the  current,  but  success- 
ively : 

PoAitlYe  electrode.  NegftUre  electrode. 

H,SO^  =  (S0,+0)  + H, 

(H,0),=       O,       +.. H^, 

or  (2)  The  current  decomposes  a  definite  compound  having  the 
formula  803(1120)3,  or  H^SOg  : 

H.SOe  =  (SO3+O3)  + H,. 

Facts  show  the  second  supposition  to  be  the  true  ona  Operating, 
for  example,  with  currents  of  varying  intensity,  upon  liquids  con- 
taining different  proportions  of  acid  and  water,  from  H^SO^-^Saq. 
to  H2§04-|-125aq.,  it  is  found  that  the  ratio  of  the  acid  decom- 
posed to  the  hydrogen  evolved  is  always  that  above  given ;  which 
would  not  be  the  case,  in  all  probability,  were  the  acid  and  water 
separately  electrolyzed.     Moreover,  the  compound  H^SO^  is  not 
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a  hypothetical  one,  smce  an  acid  of  this  constitution  has  heen  ren- 
derea  probable  by  the  maximum  contraction  observed  when  one 
molecule  of  II^SO^  and  two  of  water  are  mixed.  In  the  case  of 
nitric  acid,  the  action  of  the  current  appears  to  be  upon  the  group 
N20j(HoO)4 ;  a  body  conceded  to  exist. 

Crystallized  oxalic  acid,  fortunately,  when  in  solution,  is  elec- 
trolysed alone,  no  water  taking  part.  The  hydrogen  disengaged 
corresponds  to  the  equation : 

C.H,0,(H,0),  =  (C,0,+0,)  + (II,)3. 

As  only  carbonic  dioxide  is  set  free  at  the  positive  electrode,  it 
must  be  that  the  oxygen  evolved  reacts  upon  and  destroys  another 
portion  of  the  acid,  thus : 

(C,H,0,(H,0),),+0,  =  (C,OJ,+(H,0),. 

Moreover,  if  this  interpretation  be  true,  the  quantity  of  acid  de- 
stroyed should  be  much  greater  at  the  positive  than  the  negative 
electrode;  for:-«- 

i{\)  At  N  electrode.    By  current  1  molecule. 
Acid  destroyed  ]  ^^  ^  p    ,    ^^^    (  By  current  1        «| 

(  ^  '  (  By  oxygen  2         " 

Now,  experimentally,  the  loss  of  acid  at  the  positive  electrode  is 
exactly  tnree  times  greater  than  at  the  negative.  Again,  in  elec- 
trolyzing  formic  acid,  only  carbonic  dioxide  is  disengaged  at  the 
positive  electrode.  Three  hypotheses  may  be  offered  to  explain 
the  result :  (1)  The  current  acts  on  the  acid  only,  thus : 

PoflittYe  electrode.  Negative  electrode. 

(CH,0,),  =  (CaHaOj+O)  +  . H„ 

and  then  at  the  positive,  the  further  reactions  occur : 

C.HaOj+O  =  COj-f  CHaO,. 

(2)  Water  alone  is  decomposed : 

CH^Og-f  O  =  COa-f-H^O, 

and  (3)  The  acid  and  the  water  are  both  decomposed  simultane- 
ously: 

(C,H,0,0)+0  =  (CO,),+H,0. 

If  a  represent  the  amount  of  acid  electrolyzed,  the  loss  will  be : 

by  the  first  hypothesis,  nothing  at  the  positive  and  equal  to  -  at 

the  negative  electrode ;  by  the  second,  on  the  contrary,  there  is  no 
loss  at  the  negative,  and  the  loss  is  equal  to  a  at  the  positive 
electrode ;  and  by  the  third,  it  is  equal  in  each  compartment, 

being  represented  by  -.     Now  experiment  shows  that  there  is  no 

loss  of  acid  at  the  positive  electrode ;  hence  the  first  hypothesis  is 
the  true  one,  and  the  water  is  not  decomposed  by  the  current. 
The  same  general  results  were  obtained  in  the  electrolysis  of  alka- 
lies and  salts.  Bourgoin  concludes,  therefore,  that:  "Water  is 
not  decomposed  by  the  electric  current;  it  plays  the  part  of  a 
solvent  only." — BiM.  Soc  Ch.y  11,  xvii,  244,  March,  1872. 

O.   F.   B. 
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2.  JFWAgr  JbflWftfaalftm</ltofi6igililft^ 
has  analyzed  the  new  orystalliied  platude  eUoride  iMA  ht  dfr* 
scribed  in  December:  1870  (thu  Jaarnal,  ID,  i,  9Y5).  It  jkUi 
the  fbrmnla  PtCl^,  5U . O.  Of  the  five  water  motoonkai  le  per  eoH 
or  4  molecnlee,  are  driven  off  at  100**.  On  liicin— ing  urn  hnl| 
platinoos  cUonde  is  left.  No  conititiitional  CDmnila  foor  it  k 
offered.— J:  pr.  Ch.^  II,  t,  865,  May,  1878.  a  9.  & 

Z.  Onths  IfbrmaHon  ^  ChlaraL-^Tb»  aedon  of  eUoiiae  iqpoa 

CH,  .    .,   OH,  ^ 

aldehyde  1^     prodnoea  acetyl  chlonde  JLJLt  m  Wiirti  hbh 

time  ago  showed.  In  this  case  it  ia  not  the  methylia  gnimiiM 
CH,,  bat  the  incomplete  group  COH,  which  is  attawed.  fi 
order  to  render  this  latter  group  more  resiatant^  Wuxn  aid 
VoGT  load  it,  as  it  were,  with  other  groups;  hoping  ihenliy  to 
limit  the  action  to  the  methyl  group.    For  tins  pmpoaa^  diey  «s 

the  compound  CH,-.-CH  |  q  *^*,  obtained  by  Waits  and  Aa- 

polli  by  acting  with  hydrochloric  acid  gas  on  a  mixim  of  aUe* 
nyde  and  alcohol    Here  the  COH  group  is  replaced  by  one  of 

(  OO  13. 
greater  complication,  CH  i  Xj  '    '•    Upon  submittiiig  this  sab- 
stance  to  the  action  of  chlorine  in  presence  of  a  traoe  of  lodnM^ 

(  OC  H 

the  predicted  tetrachlorinated  ether,  CCI,— CH  -}  qi  '  *,  is  ob- 
tained. This  it  is  easy  to  transform  into  chloral  by  the  action  of 
water: 

CCl,-..CH  j  2f^«^»+H,0  =  HCl+C2H,(OH)+CCl,..-COa 

Heated  with  alcohol,  hydrochloric  acid  and  trichloracetal  are  pro- 
duced, thus : 

CCV-CH  j  2[^a^»+C.HJ0H)  ==Ha+CCl,..-CH|  2^«|». 

MoreoYer,  the  hydrochloric  acid  acting  on  an  excess  of  alcohol 
produces,  at  the  same  time,  ethyl  chlonde. 

By  the  aboYc  reactions,  the  authors  explain  the  action  of 
chlorine  noon  alcohol  in  the  production  ot  chloraL  The  first 
stage  proauces  aldehyde  and  hydrochloric  acid,  as  Stas  hss 
shown : 

CH  CH 

This  hydrochloric  acid  acts  upon  the  aldehyde  and  the  excess  of 
alcohol,  to  form  the  monochiorinated  ether  of  Wurta  and  Frs- 
polli: 

(2.)  C,H,(OH)+^^^+HCl  =:  CH,- -CH  )  g{^«^»+H,a 

This  ether  then  becomes  tetrachlorinated  by  the  action  of  the 
chlorme,  as  aboye  shown : 


(».)  CH,-.-CH  j  gf '«".+Cl,  =  CC1,-.X3h|  ^•H.+(Ha),. 
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And  finally,  by  the  action  of  water  produced  in  the  last  reaction, 
the  tetraonlorinated  ether  producen  chloral  and  alcohol : 

(4.)  Ca,  ..CH  j  ^f^»^'+H,0  =  HCl+C,H.(OH)+CCl,-..COH, 

or,  by  the  action  of  alcohol,  produces  trichloracetal, — a  substance 
already  detected  by  Lieben  in  the  products  of  the  chloral  manu- 
Dacture. 

Wurtz  and  Vogt  have  also  observed  the  formation  of  both 
dichlor-  and  trichlor-aldehyde  (chloral)  by  the  action  of  chlorine 
apon  a  cooled  mixture  of  aldehyde,  hydrochloric  acid  and  water ; 
or  even  upon  a  solution  of  aldehyde  in  water.  If,  however,  the 
temperature  rises,  polymerization  takes  place,  and  croton-chloral 
hydrate  is  found  among  the  products, —  C.  i2.,  Ixxiv,  777,  March, 

1872.  G.  F.  B. 

A,  On  a  new  Organic  Base^  obtained  from  Ihdcite. — Bou- 
CHABDAT  has  succeedcd  in  obtaining  an  organic  base  containing 
oxygen,  by  acting  upon  one  part  of  dulcite  monochlorhydrin  with 
ten  parts  of  alcohol  saturated  with  ammonia  ^as,  for  six  hours,  at 
100  .  The  chlorhydrate  of  the  new  base — which  the  author  calls 
dnlcitamine — ^is  dissolved  in  absolute  alcohol,  from  which  it  crys- 
tallizes out  in  long  needles  on  the  gradual  addition  of  ether.  It  is 
freely  soluble  in  sJcohol  and  water,  insoluble  in  ether ;  its  solution 
in  water  is  neutral  and  tastes  sweetish.  Treated  with  silver  oxide, 
it  yields  free  dulcitamine,  as  a  powerful  base,  easily  displacing 
ammonia  from  its  combinations,  bluing  strongly  red  litmus 
paper,  and  attracting  carbonic  acid  from  the  air.  When  concen- 
tmted,  it  becomes  an  uncrystallizable  syrup.  With  acids,  it  forms 
difficultly  crystallizable  salts.  With  platinic  chloride,  it  forms  a 
compound  crystallizing  in  long  orange-yellow  needles,  soluble  in 
water  and  alcohol  Dulcitamine  has  tne  formula  CgH, ^NO^,  and 
resembles  glyceramine  in  many  of  its  properties.  Its  discovery 
famishes  new  proof  of  the  close  relations  oetween  the  triatomic 
alcohol,  glycerin,  and  the  hexatomic  alcohol,  dulcite. —  C.  72., 
Ixxiv,  1406,  May,  1872.  g.  f.  a 
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1.  Hay  den  Rocky  Mountain  GeologiccU  Expedition. — (From 
a  letter  by  Dr.  F.  V.  Hayden,  in  charge  of  the  Expedition,  to 
J.  D.  Dana,  dated  Madison  Valley,  Montana  Territory,  Sept.  1, 
1872.) — The  following  is  a  brief  sunmiary  of  what  the  survey  under 
my  charge  has  accomplished  up  to  the  present  time,  and  what  it 
proposes  to  do  before  the  end  or  the  season. 

Two  large  and  well-equipped  parties  have  been  in  the  field  at 

work  since  about  the  1st  of  July.     The  largest  party  made  Ogden 

the  point  of  departure.     It  was  under  the  direction  of  Mr.  James 

Stevenson,  my  principal  assistant.     There  are  attached  to  this 

pttrty  a  geologist,  topographer,  astronomer  and  meteorologist, 

with  the  necessary  assistants  for  each.     There  is  also  a  botanist, 

who  has  already  collected  over  1200  species  of  plants  through 

Aic  JouB.  ScL— Thud  Sbriis,  Vol.  IV,  No.  21.— Oct.,  1878. 

21 


814  Scimiific  InkO^enei. 

that  new  and  interesting  region,  the  Snake  River  TBllej.  Dr. 
Josiah  Curtis  acted  as  snimon  and  mioroeoopist.  The  pntj 
surveyed  a  route  from  Og&n  to  Fort  Hall,  Idaho,  where  M 
preparations  were  made  for  a  pack  train  with  suppliea  finr  a  dm 
time.  The  party  passed  up  the  west  ride  of  tne  ftiaka  &nr 
valley,  forced  their  way  across  the  mountains,  made  a  carafol  sur- 
vey of  the  Teton  ranse,  then  passed  up  the  valley  of  Henry's 
Fork,  entered  the  Madison  valley  through  the  Targee  pass,  and 
reached  the  Geyser  Basin  of  the  Madison  August  14w. 

The  party  under  my  charge  traveled  by  stage  to  Fort  EUii, 
and  there  spent  about  three  weeks  preparing  the  outfit;  then 
started  up  the  Yellowstone  valley,  over  about  the  same  route  ss 
last  year.  The  party  consisted  of  about  thirty  perBona,  amoi^ 
them  a  chief  topographer,  astronomer,  meteorologist,  mineralogisti 
with  their  assistants,  and  a  number  of  others  who  acted  as  col- 
lectors. A  careful  examination  of  the  Yellowstone  valley  was 
made,  and  a  map  in  contour  lines  of  1 00  feet  each  oonstracted. 

Both  parties  met  in  the  Geyser  Basin  on  the  same  day  within 
a  few  hours  of  each  other.  The  two  parties  numbered  about  sev- 
enty persons.  The  results  of  the  exploration  up  to  that  time 
proved  on  examination  to  be  most  satistactory  and  not  I^sa  impo^ 
tant  to  science  than  of  practical  value  to  the  country.  The  open- 
ing up  of  that  great  Snake  River  valley  will  prove  one  of  the 
most  important  events  in  American  explorations  for  the  year  1872. 
The  barometrical  elevations  show  most  feasible  routes  for  railroads, 
connecting  the  entire  northwest  with  the  Pacific  railroads.  It 
opens  up  to  settlement  a  vast  territory  of  the  finest  land  in  the 
west.  A  railroad  up  the  Snake  River  valley  from  Utah,  which  is 
now  in  contemplation,  will  bring  into  market  2500  square  miles  of 
pine  timber,  and  an  unlimited  quantity  of  arable  and  pastoral  land. 
The  ascent  of  the  Great  Teton  will  be  recorded  as  one  of  the 
events  of  the  season.  Mr.  James  Stevenson  and  Hon.  N.  P.  Lang- 
ford  are  undoubtedly  the  only  white  men  that  ever  reached  its 
summit.  Mr.  Stevenson  planted  the  American  flag  on  its  summit, 
and  measured  its  height  with  an  aneroid  barometer.  It  was  also 
measured  by  triangulation  from  below.  The  height  was  ascer- 
tained to  be  about  13,400  feet.  The  next  important  discovery 
made  by  this  party  was  the  four  remarkable  passes  at  the  head  of 
Henry's  Fork.  These  passes  correspond  to  the  four  points  of  the 
compass,  and  are  all  within  a  few  miles  of  each  other.  Henry's 
Lake  is  located  in  the  center.  The  Targee  or  East  pass  is  aboat 
6,500  feet  elevation,  and  forms  one  of  the  ^reat  gateways  to  the 
Madison  valley,  and  the  sources  of  the  Madison  and  Yellowstona 
Henry's  or  South  pass  is  about  6,000  feet,  and  opens  into  the 
Snake  valley ;  Red  Rock  or  West  pass,  6,300  feet,  connects  the 
great  valley  of  the  Jefferson  branch,  while  the  Madison  or  South 
pass  opens  into  the  lower  Madison.  All  these  passes  are  so 
smooth  and  low  that  one  may  ride  over  them  in  a  carriage  at  full 
speed.  There  is  probably  not  a  more  interesting  geographical 
point  on  the  American  continent  where  there  are,  within  an  area 
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of  a  few  miles,  four  Buch  remarkable  passes,  linking  the  Pacific 
with  the  Atlantic  slopes.  There  is  not  the  slightest  obstruction 
to  a  railroad  over  either  of  these  passes.  Emigrants  are  already 
following  our  track  of  exploration,  and  within  two  years  the 
country  will  be  filled  with  settlers.  The  railroad  company 
that  secures  the  right  of  way  through  this  country  soon  will  hold  ^ 
the  key  to  the  development  of  a  State. 

Observations  for  latitude  and  longitude  have  been  made  by 
both  parties  every  night  when  possible.  As  nearly  all  the  nights 
have  been  clear  and  Uie  weather  fine,  these  observations  have  been 
very  numerous,  and  their  value  in  the  location  of  important  points, 
as  well  as  correcting  the  old  maps,  has  been  great.  The  Tetons 
were  thirty  miles  out  of  place.  They  were  found  to  be  within 
the  boundary  of  Wyoming  territory,  and  not  in  Idaho.  All 
these  observations  will  be  continued  until  the  Ist  of  November, 
without  interruption.  Each  party  is  supplied  with  three  of 
Green's  best  cistern  barometers,  with  a  plenty  of  aneroids,  and 
thermometers  of  various  kinds.  Especial  regard  is  paid  to  the 
climate,  and  to  elevations  for  railroad  routes.  Particular  atten- 
tion is  paid  to  all  results  of  a  practical  character,  on  the  principle 
that  the  money  that  enables  us  to  make  these  explorations  comes 
from  the  people,  and  should  return  as  far  as  possible  to  them  in  a 
shape  which  will  be  available  to  them. 

The  party  under  Mr.  Stevenson  is  now  on  its  way  down  the 
east  side  of  the  Snake  River  valley,  having  carefully  surveyed  the 
sources  of  that  river :  every  branch  will  be  carefully  located.  The 
party  will  reach  Fort  Hall  about  the  13th  of  October.  It  will 
then  sui-vey  a  parallel  belt  to  Salt  Lake  City,  thus  connecting  all 
our  work  in  the  northwest  with  the  Pacific  railroad.  The  party 
tmder  my  charge  will  complete  the  survey  of  the  Madison  river 
and  its  branches,  then  the  Gallatin  to  its  sources,  then  pass  over 
the  mountains  into  the  valley  of  the  Yellowstone,  down  to  the 
Bnowy  range,  to  the  mouth  of  Shields  river,  then  to  the  three 
forks  of  the  Missouri,  and  then  down  that  river  to  Helena,  where 
our  labors  will  probably  close  about  the  1st  of  November.  The 
latitude  and  longitude  of  Fort  Ellis  has  been  quite  carefully  fixed 
by  an  extended  series  of  observations  by  Mr.  Gannett  with  a 
transit,  and  similar  observations  will  be  made  at  Virginia  City 
and  Helena. 

Besides  the  two  large  parties  mentioned  above,  there  have  been 
a  number  of  smaller  ones  operating  in  various  portions  of  the 
weet,  under  the  auspices  of  this  survey.  Prof.  Cyrus  Thomas  has 
spent  the  season  in  the  northwest  collecting  agricultural  statistics, 
and  all  other  information  of  a  practical  character.  He  has  been 
ordered  to  visit  Dakota  and  Minnesota,  and  to  push  his  way  as 
far  northward  into  the  Red  River  country  as  possible.  The 
public  may  look  for  a  continuation  of  his  agricultural  reports,  as 
well  as  papers  on  insects,  and  other  subjects. 

Prof  E.  D.  Cope,  one  of  our  most  distinguished  scientists,  fitted 
oat  qoite  an  extensive  party  at  Fort  Bridger  at  the  expense  of  the 
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minrey.  He  will  remain  three  montlui  in  tbe  field.  Li  Iks  fnl 
two  weeks  of  his  examinations  he  reported  the  discRrrerj'  of  Ofcr 
fifty  new  species  of  extinct  vertebratea.  He  will  dose  lua  aeasoah 
work  by  an  examination  of  the  celebrated  Kansas  bone  dcpoolL 
The  results  of  his  labors  will  be  of  gnat  importanca  to  Qeelogy, 
Paleontology,  and  Natoral  History  generally. 

Professor  Joseph  Leidy,  the  eminent  compaTative  anatomist  of 
Philadelphia,  is  also  exploring  the  west  for  fossil  TertebrateB.  He 
is  also  making  a  study  of  the  minute  forms  of  life  under  the 
microscope,  and  wiO  present  a  report  on  the  minute  fismut  sad 
fiora  of  tne  districts  he  visits. 

Mr.  F.  B.  Meek;  accompanied  by  H.  M.  Bannister,  of  the  Smith- 
sonian Institution,  has  spent  about  two  months  along  the  Fsidb 
railroad  for  the  purpose  of  making  a  critical  examination  of  ^ 
puted  or  obscure  pomts  in  the  geology  of  that  intereatinff  re|poB. 
Their  success  has  been  most  satisfiustory,  and  a  yaloidm  report 
ma7  be  expected. 

rrot  Leo.  Lesquereux,  our  great  anthcnity  on  the  Coal  for- 
mations and  the  fossil  plants  found  with  them,  has  spent  most  of 
the  summer,  assisted  oy  his  son,  in  the  west.  He  frit  went  to 
Denver,  stopping  for  a  time  along  the  Kansas  Pacific  raQroad, 
thence  along  the  base  of  the  mountains  to  Santa  F£,  N.  M.  He 
then  explored  the  coal  beds  around  Denver,  and  proceeded  to 
Cheyenne,  and  made  a  critical  investigation  of  tne  Coal  for- 
mations from  Cheyenne  to  Ogden,  along  the  Union  Pacific 
railroad.  Lar^  numbers  of  fossil  plants,  new  to  science,  were 
discovered,  all  of  which  will  be  described  in  the  forthcoming 
annual  report  next  winter. 

These  special  examinations  had  for  their  prime  object  the  deter- 
mining, by  the  most  overwhelming  evidence,  the  relations  of  the 
great  group  of  Tertiary  beds  of  the  west  to  the  Cretaceous.  It 
IS  the  purpose  of  this  survey  to  take  nothing  for  granted,  to 
accept  no  statement  without  indubitable  proo^  and  from  year  to 
year  a  certain  amount  of  force  will  be  concentrated  on  all  obscure 

Soints  of  western  geology.  The  amount  of  new  material  in  all 
epartments  of  research,  to  be  illustrated  in  the  quarto  series  of 
volumes  connected  with  the  survey,  which  has  been  added  this 
present  year,  surpasses  all  previous  years. 

2.  Ont?ie  Oteen^s  Valley  Earihmmke. — ^The  August  and  Septem- 
ber numbers  of  the  Overland  Monthly  contain  articles  by  Prof 
J.  D.  Whitney  on  the  "  Owen's  Valley  Earthquake ''  of  March 
JMth,  1872.  In  pursuing  the  geological  survey  of  the  State,  s 
y  found  it  necessary  to  pass  through  the  valley,  and  occasioD 
taken  to  make  such  scientific  inquiries  and  observations  as 
.Ae  time  allowed.  The  first  paper,  of  which  the  following  is  s 
brief  abstract^  describes  the  geological  character  of  the  region 
and  the  local  phenomena. 

Owen's  valley  is  about  70  miles  long,  and  is  enclosed  on  the 

the  Sierra  Nevada,  rising  from  10,000  to  1 1,000  feet  above 

,  and  on  the  east  by  the  steep  and  narrow  range  of  the 
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Inyo  mouDtains,  which  rise  from  4,0(*0  to  7,000  feet  above  the 
plaiD,  this  itself  being  4,000  feet  above  the  sea  level. 

On  the  Sierra  side  there  extends  from  the  base  of  the  precipitous 
portion  of  the  range  a  long  slope  descending  at  an  an^le  of  five 
or  six  degrees,  made  up  of  detritus  from  the  mountain  behind 
and  covered  with  sage  brush.  This  is  a  vast  bed  of  boulders, 
gravel  and  sand,  2,000  feet  thick  at  the  upper  end,  and  spread 
out  at  the  foot  of  the  range  in  a  bed  of  varying  width.  Just 
where  this  "  sage  brush  slope ''  meets  the  valley  bottom  the  vege- 
tation assumes  a  somewhat  meadowlike  character,  and  here,  at  the 
junction  of  these  two  formations,  all  the  settlements  of  the  valley 
are  located. 

The  geology  of  the  valley  is  also  interesting.  The  Sierra  is 
chiefly  one  vast  mass  of  granite,  which  has  been  elevated  since  the 
Jurassic  period,  and  belongs  to  the  Sierra  Nevada  system  of 
upheaval  The  Inyo  range,  on  the  other  hand,  is  much  more 
ancient,  being  a  part  of  the  great  Paleozoic  formation  of  the 
Great  Basin,  and  consists  of  limestones,  sandstones,  and  other 
stratified  material  The  two  ranges  are  thus  of  very  different 
geological  ages.  Midway  in  the  valley,  commencing  about  thirty 
miles  north  of  Lone  Pine  and  extending  for  ten  miles,  is  a  region 
of  volcanic  cones  and  lava  flows  apparently  of  recent  geological 
date,  but  now  all  quiet.  Similar  cones  and  lava  flows  are  found 
in  the  Coso  mountains  south  of  Owen's  lake ;  and  on  the  table- 
land north  of  the  vallev  and  south  of  Mono  lake  there  are 
abundant  indications  of  rormer  volcanic  activity,  in  the  form  of 
soffcUaraa  and  hot  springs.  * 

After  speaking  of  the  effects  of  the  shock  in  destroying  build- 
ings at  Little  Lake,  Haiwee,  Lone  Pine,  Independence,  etc.,  the 
writer  says : — ^"  The  almost  universal  testimony  of  the  residents 
of  Owen's  valley  was  to  the  effect  that  the  shocks  came  from  that 
portion  of  the  Sierra  Nevada  which  lies  between  Owen's  lake  and 
independence.  In  the  region  to  the  south  of  the  lake  the  vibra- 
tions were  felt  as  approaching  from  the  northwest ;  at  Lone  Pine 
they  were  referred  to  the  high  mountains  in  the  imipediate  vicinity 
to  the  west,  and  as  we  moved  up  the  valley,  the  direction  assigned 
was  always  more  to  the  south  of  west  as  we  proceeded  north.^ 
The  recurrence  of  subterranean  noises  preceding  or  accompanying 
the  shocks  is  confirmed,  and  the  noises  are  referred  to  the  cracking 
and  grinding  of  the  rocks  under  tension,  rather  than  to  the  explo- 
sion of  detonating  gases. 

Numerous  fissures  were  noticed  which  in  some  places  may  be 
traced  uninterruptedly  for  miles,  and  between  these  fissures  the 
surface  had  frequently  sunk  to  a  depth  of  sometimes  twentv  or 
thirty  feet.  "  In  all  cases  the  character  of  the  disturbances  of  the 
soil  seemed  to  be  pretty  much  the  same ;  namely,  the  depression 
of  narrow  belts  between  fissures  running  nearly  parallel  to  the 
course  of  the  Sierra,  and  chiefly  limited  to  the  edge  of  the  *  sage 
brush  slope.' "  A  tidal  wave  was  produced  in  Owen's  lake,  but 
caused  no  damage  beyond  the  temporary  inundation  of  the  shore. 
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"There  are  several  places  in  the  yM«j  vhere  flwnrM  m  tkl 
ground  have  crossed  roads,  ditches  or  hnes  of  feaeet,  sad  itet 
erideace  has  been  left  of  an  actaal  moving  at  the  graand  boit 
sontally  as  well  as  verticallv.  Oneof  theaeinataiiOMaf  hmiuMtd 
motion  is  seen  on  the  road  m>m  Bend  City  to  Independwic^aboit 
three  miles  east  of  the  latter  place.  Here,  aoooiding  to  s  aucAd 
diagram  of  the  locality,  it  appears  that  the  road  nmoinff  wM  lad 
west  has  been  cnt  off  by  a  fissore  twelve  feet  wide,  and  the  w«b- 
erly  portion  of  it  carried  dghteen  feet  to  the  aoath.**  Oihv 
similar  instances  were  DOtioed. 

The  "  Oeneral  Cotielvaiom  "  arrived  at  in  the  second  p^Mr  an^ 
that  the  impulse  by  which  this  earthquake  waa  originatftd  wm 
given  somewhere  nearly  in  the  axis  of  uie  Sierra,  »t  s  dc^tth  of  at 
Mast  fifty  miles,  and  at  the  same  moment  alons  a  line  of  eonadi^ 
able  extent,  probably  aamnch  as  ahnndredmuesnoitli  aodaoatL 
The  resulting  waves  were  propagated  in  both  dJreoUoiu  from  da 
mountain  axis  and  nearly  parutel  with  it,  and  advuioed  on  ths 
snr&ce  at  a  rate  of  from  thirty  to  thirty-five  miles  in  a  ndnnle,  it 
measured  in  a  tine  at  right  angles  to  the  axis  of  the  Sattm. 

a  o.  B.,  n. 

3.  Bahamat. — [The  following  are  a  few  notes  from  an  aiistract 
of  a  paper  which  waa  presented  to  the  Gteologioal  Society  in  1861, 
by  Captain  ( now  Major  General)  R.  J.  Nelson,  R  K  (author  of 
the  Memoir  uu  the  Bern udas),  which,  through  oversight,  is  not 
noticed  in  tlie  writer's  n'cent  work  on  Corals  and  Coral  Islands. 
The  abstract  npj>eare<)  in  the  Quarterly  Journal  of  the  Society  for 
1853,  p  200. — J.  D.  D.] 

The  lotllo^t  land  in  the  Bahamas,  according  to  the  maps  of  the 
Hydrographicat  Office,  is  only  230  feet  above  the  sea.  Generally 
speaking,  the  hills  on  the  larger  islands  arc  much  iind,er  100  feet  in 
height,  and  on  the  islets  from  50  to  10  feet.  •  *  •  »  The 
surtace  generally  is  occupied  by  low  rocky  hills,  either  surround- 
ing basins  or  foniiing  parts  of  what  may  once  have  I>een  basiai, 
and  rarely  by  distinct  hill  and  valley  of  the  ordinary  cbarjrler. 
The  bottoms  of  these  basins  are  ufually  flat  and  rocky,  only  a  few 
inches  above  t)*e  average  high -water  level,  and  have  a  rough  anii 
cavernous  surface.  Water,  more  or  less  brackish,  rises  and  falls 
everywhere  throughout  the  lower  parts  of  these  flats,  though  not 
Oontemporaneously  with  the  tide*,  or  at  a  uniform  rate.  The  sor- 
*-'B  is  sometimes  covered  with  grass  and  low  bush,  and  sometime! 
'3  of  tlie  bare  rock,  full  of  hollows,  which  are  coated  or 
led  over  with  sub-stalagmitic  suhstaitce.  It  is  in  these 
I,  locally  termed  "pot  holes,"  that  most  of  the  soil  is  found; 
n  the  gnnlens  made  on  such  ground,  fruit-trees,  pine-apples, 
.n  oc)rn,  sugar-cane,  etc.,  grow  luxuriantly.  Besides  tliese 
K!k-inar«Iifs"  there  are  also  ordinary  marshes  and  mangrove 
ainpM^  uf  Till  great  extent  or  depth,  which  are  more  or  less  in 

uufction  witfi  the  sea.    On  the  larger  islands  the  rocky  surfcce 

Mil.  BthaoiH,  the  tide  risBa  &om  1  to  3  foet  (sprins  to  omd):  bat 
U  riaoa  from  B  to  H.  "■  — =  «■'■ 
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of  the  hills  is  very  thinly  and  partially  covered  with  "  red  earth,'* 
mixed  in  varying  proportions  with  vegetable  matter.  This  scanty 
soil  is  fertile,  if  well  used.  When  uncleared,  it  is  covered  with 
bush  and  forest  trees.  There  are  also  sandy  tracks  termed  '^pine- 
barrens/'  where  the  bush  suddenly  disappears  and  the  palmettos 
become  fewer  in  number,  though  enough  remain  to  exhibit  an 
intermixture  of  pines  and  palms,  respectively  typical  of  the 
northern  and  southern  floras.  Th^  lowest  portions  of  the  flat 
grounds  frequently  contain  small  brackish  water  or  salt  lakes.  In 
the  chalk-marsh  of  Andros  Island,  however,  there  is  a  freshwater 
lake,  with  three  streams  as  its  outlets ;  and  it  appears  that  there  is 
no  other  freshwater  lake  or  stream  in  the  Bahamas.  ♦  ♦  ♦  * 
There  are  large  caverns  in  Long  Cay  and  Kum  Cay;  and  pro- 
bably caverns  are  as  numerous  in  tne  Bahama  Islands  as  in  the 
Bermudas;  but  so  few  extensive  excavations  have  been  made,  that 
this  cannot  be  positively  aflirmed.  ♦  *  *  ♦  One  of  the  most 
striking  objects  in  the  topography  of  the  Bahamas  is  the  very 
deep  submarine  valley,  forming  the  gulf  known  as  "the  Tongue 
of  the  Oc^an,"  which  runs  into  the  Great  Bahama  Bank  from  its 
northern  end.  The  color  of  the  water  around  the  islands  is  usually 
that  of  the  aqua-marine  variety  of  beryl;  but  the  water  of  the 
Tongue  of  the  Ocean  has  the  deep  blue  color  of  oceanic  depths. 

The  author  describes  a  coral-reef  as  consisting  of  masses  of 
numerous  species  of  Madrepora^  Astrcea^  DcBoalea^  OcuHna^ 
bases  and  axes  of  Oorgonia^  MiU^ora^  NvUipora^  CoraUincB^ 
&C.,  Ac,  growing  confusedly  together  without  any  other  appar- 
ent order  than  that  of  accidental  succession  and  accretion,  both 
laterally  and  vertically.  These  are  at  times  aided  or  even  super- 
seded by  SerpidcBj  &c.,  as  seen  in  the  serpuline  reefs.     ♦     ♦     *     * 

Capt.  Nelson  points  out  a  few  of  the  localities  that  exhibit  most 
clearly  the  character,  source,  and  mode  of  aggregation  of  the 
materials  of  the  ordinary  Bahama  rock,  such  as  is  formed  above 
the  sea  level;  at  the  same  time  referring  to  the  illustrative 
specimens  in  the  Bahama  collection.  For  instance:  the  south 
side  of  Silver  Cay  and  the  beach  extending  westward  from 
Nassau  afford  rolled  blocks,  pebbles,  and  sand  derived  from  the 
more  massive  corals,  mixed  with  remains  of  turtles,  fish,  crusta- 
ceans, echinoderms,  and  mollusks.  On  the  beach  between  Clifton 
Point  and  West  Bay  (specimen  No.  1)  the  shells  of  Strombus 

figa$  more  especially  accompany  the  rolled  corals.  At  East 
*oint  (specimens  Nos.  2  and  8)  the  sand  is  derived  from  corallines 
and  nuUipores;  the  finer  sand  being  oflen  in  approximately 
spherical  grains,  though  not  so  perfectly  as  at  the  White  Cay 
(specimen  No.  4)  and  between  Exuma  and  Long  Cay.  The  beach 
near  Charlotteville  Point  (specimen  No.  5)  consists  principally  of 
XAicina  Pennsylvanica  in  various  stages  of  comminution.  At  Six 
Hills  ( Caicos  Group)  the  mass  of  Conch  shells  ( Strombus  gigas) 
is  so  great  and  sufficiently  cemented  together  as  to  form  not  only 
rock,  but  an  island  several  hundred  feet  in  length.  Along  the  N. 
W.  beach  at  Gun  Cay  (specimen  No,  8),  a  hard,  coarse,  stratified 
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rock  is  formed  of  Conch  and  other  shells,  together  with  coral  frag- 
ments. 

The  large  fragments  of  corals  and  shells  are  never  found  much 
beyond  the  surf-range  of  hi^h-tide,  and  therefore  always  form  rock 
at  a  low  level ;  whilst,  on  the  contrary,  the  fine  calcareous  sand  is 
removed  by  the  wind  and  deposited  in  irregularly  laminated  beds, 
which,  being  consolidated  in  various  degrees,  are  converted  into 
rock  of  difibrent  qualities.  ♦  ♦  ♦  ♦  The  ordinary  Bahama 
rock  everywhere  consists  of  the  above-mentioned  calcareous 
sandstone.  It  is  somewhat  similar  to  Portland  stone  in  appear- 
ance, but  sofler  and  more  porous.  When  first  exposed  it  is  quite 
white,  and  is  inconveniently  bright  and  dazzling  under  a  tropical 
sun ;  but  it  becomes  of  a  dark  ashen-gray  color  along  the  sea-coast, 
and  more  or  less  so  elsewhere,  when  exposed  to  the  weather.  Its 
average  weight,  like  that  of  the  Bermuda  stone,  varies  from  95  to 
145  pounds  per  cubic  foot.  Its  inferior  value  as  a  building  mate- 
rial arises  from  the  numerous  sand-fiaws  (specimen  No.  7),  and 
consequent  ready  failure  when  exposed  to  the  weather.  About 
the  south-west  of  New  Providence,  for  some  feet  above  the  sea, 
the  rock  is  hard  and  homogeneous,  and  may  be  raised  in  good 
blocks  for  building  purposes.  The  looser  and  softer  kinds  of  rock 
are  found  usually  on  the  hill  tops.  A  variety  ofibring  a  singular 
counterfeit  of  true  odlitic  structure  is  found  at  or  near  White  Cay, 
Exuma,  and  elsewhere;  but  the  spherules  are  solid,  and  have  been 
derived  apparently  from  the  stems  of  corallines.  ♦  ♦  *  ♦  A 
chalk-deposit  is  to  be  found,  by  all  accounts,  in  the  different 
basins  or  lagoon  bottoms  in  every  principal  group,  though  no- 
where so  extensively  as  along  the  western  coast  of  Andros  Island, 
where  it  may  almost  be  termed  a  young  chalk  formation.  *  ♦  * 

The  "red  earth"  previously  mentioned  as  forming,  generally 
speaking,  the  scanty  soil  of  the  Bahamas,  is  at  times  interstrati- 
fied  with  the  rock,  and  sometimes  it  is  incorporated  with  it.  It  is 
identical  with  the  "red  earth"  of  the  Bermudas  (specimen  No. 
16)  which  proved  a  considerable  source  of  embarrassment,  espec- 
ially with  reference  to  Ireland  Island,  by  seeming  to  point  out 
alternations  of  aqueous  and  other  deposits,  which  were  contra- 
dicted by  the  presence  of  the  characteristic  Selix  in  all  the  beds. 
In  visiting  a  cave  near  Delaport  in  1849,  Capt.  Nelson  found  the 
bottom  of  the  cave  for  many  feet  in  depth  covered  with  a  loose 
dry  "red  earth,"  in  grains  varying  in  size  from  coarse  sand  to  fine 
dust  (specimens  14  and  14  a,  b).  Under  the  microscope  this 
appeared  as  a  mass  of  insect-remains,  the  rejectamenta  of  bats 
livmg  in  these  caverns.  Specimens  of  the  earth  from  another 
part  of  the  same  cave,  however,  were  so  much  altered  in  character, 
that  they  resembled  the  Bermuda  "red  eaith,"  and  afforded  a 
complete  clue  to  the  characters  of  this  substance.  Some  of  the 
vaneties  from  the  Delaport  cave  were  examined  microscopically 
and  chemically  by  Professor  Quekett,  of  the  Royal  College  of  Sur- 
geons, who  not  only  confirmed  the  above,  but  announced  that  all 
the  varieties  gave  off  ammonia,  whether  retaining  organic  texture 
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Dr  not.  The  author  thinks  it  not  unlikely  that  the  "red  earth," 
even  in  the  ease  of  the  five  strata  in  Ireland  Island,  has  been 
largely  derived  from  bats  inhabiting  once-existing  caverns;  at 
the  same  time,  he  considers  it  probable  that  birds,  their  drop- 
pings supplying  a  sort  of  guano,  have  also  assisted  in  the  forma- 
tion of  this  deposit. 

The  occurrence  of  pumice  floated  ashore  at  Watling  Island,  and 
elsewhere  in  the  Bahamas  (as  also  at  Bermuda),  is  briefly  noticed. 

4.  Surface  Oeology  of  Northwestern  Ohio;  bv  Prof.  N.  H. 
WiNCHBLL. — (Read  before  the  American  Association  at  Du- 
boque.) — After  some  preliminary  remarks  on  the  uniformity  of  the 
geological  structure  of  Northwestern  Ohio,  Prof.  Winchell  said  that 
this  was  a  circumstance  peculiarly  favorable  for  the  preservation  of 
the  features  of  the  drift.  The  whole  of  the  vast  tract  is  a  plain 
with  no  more  unevenness  than  the  prairie  region  of  Illinois.  He 
accepted  the  glacier  theory  of  Prof.  Agassiz  to  explain  nearly 
all  the  features  of  the  drift  of  Northwestern  Ohio.  There  are  six 
long  ridges  which  have  received  the  names  of  St.  Johns,  having 
an  elevation  above  Lake  Erie  of  about  425  feet :  Wabasli,  which 
isaboot  375  feet  above  that  lake;  the  St.  Mary^s,  ranging  from  285 
to  390  feet  above  Lake  Erie;  the  Van  Wert,  ranging  from  194  to 
240  feet;  the  Blanchard  ridge  from  188  to  218  feet;  and  the  Bel- 
more  ridge,  about  160  feet  above  Lake  Erie.  These  he  regarded 
M  so  many  terminal  moraines  left  in  the  retreat  of  the  local  gla- 
cier which  filled  the  St.  Lawrence  valley,  including  the  basins  of 
Lakes  Ontario  and  Erie,  as  well  as  the  valley  of  the  Maumee, 
eibout  the  close  of  the  Glacial  epoch.  He  said  all  the  drift  in  N  oith- 
western  Ohio  is  of  glacier  origin,  and  lies,  with  very  slight  excep- 
tions, in  a  broad  sheet  evenly  spread  just  as  the  ice  deposited  it. 
It  consists  from  top  to  bottom  of  the  "boulder  clay,"  the  bould- 
ers in  it  being  marked  by  glacier  action.  He  explained  bv  crayon 
diagrams  how  the  drift,  frozen  in  the  ice,  or  riding  on  its  back, 
was  gently  let  down  on  the  glaciated  surfaces  of  the  rock  by  the 
slow  thawing  of  the  foot  of  the  glacier.  He  supposed  that  the 
water,  which  resulted  from  the  thawing  of  the  ice,  acted  all 
along  the  foot  of  the  ice,  evenly,  without  being  gathered  into 
streams.  Hence,  its  eflect  would  be  seen  on  the  drift  in  the  for- 
mation of  a  ridge  of  assorted  materials,  containing  gravel,  sand 
and  bouldere,  whenever  the  climate  caused  a  stand-still  in  the 
slow  retreat  of  the  ice.  In  that  way  he  accounted  for  all  the 
ridges  mentioned,  rejecting  the  Beach  theory,  and  all  ideas  of  sub- 
sidence below  a  continental  expanse  of  water. 

He  admitted  that  Lake  Erie  has  been  higher  than  at  present, 
but  he  could  see  no  evidence  of  it  above  the  height  of  about  200 
feet.  At  that  time  it  had  an  outlet  by  way  of  Houghton,  Ind., 
through  the  valley  of  the  Wabash,  its  outlet  by  way  of  the  St. 
Lawrence  valley  being  yet  obstructed  by  the  glacier.  Above 
that  elevation  he  said  there  is  no  evidence  of  the  presence  of  the 
water  of  Lake  Erie.  He  regarded  as  evidences  of  a  higher  stage 
of  that  lake  the  existence  of  loose  sand  knolls  and  ridges  scattered 
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owr  Nortliwimturn  Oliio,  ■■iiniiing  in  nil  dir^ctioDS  and  hsnng  all' 
tltkutk'K  up  to  SCO  fi-vt. 

TlicHe  he  n'gardoit  as  "tart,  or  sand-bai-s  thrown  up  by  the 
a(Mi<)ii  <>r  rurix>iits  and  wavoi^  Bosidt^s  theee  eatidy  dep<mU  tfaet* 
)Li'i>  iiiunciiiiiit  places  known  as  linicwtone  ridges,  where  the  dfift 
liiiK  liicti  ilcnudi-d  from  th«  rock,  tho  bouldera  found  in  Um  diift 
lii'iiiU  1<'I\  ill  ihu  immediHtc  vimuity,  usiiallj'  in  a  belt  i 
bH»('it  of  those  ridge*.  The  ro<,-k  in  such  cas4.-s  is  waters 
wrought  into  faiitastio  sliams,  common  about  rocky  s 

Thi'sv  sandy  d<<pouts  of  Lacustnop  origin  frequently 
true  glacier  moraiuvs  for  great  distances,  and  have  oftei 
founoMl  with  iheui. 

Th«  suportioiat  lamination  of  the  clay  about  Defiaac*.  OUa,  W 
rsfiirn.ll  to  the  action  of  tlie  wat«rs  of  the  St.  JoMiph  aad  9l  J 
Mary's  riven  rauniilg  along  the  out«r  peripberv  of  tbe  ■ 
which  Wine  damned  back  by  the  ice  fool  woidd  form  tki 
Bing  of  Lakc  Kric,  with  an  outlet  by  way  of  Fort  W^ 

Hiinlington,  Ind.     This  action  was  to  carrv  the  f ^_ 

slikcipr  drift  tt>  »ome  distance  away  from  the  ice  foot,  a 

il  in  fine  horiiunla.1  layers  over  an  area  of  several  i 

III*  said  stich  UuniuatioH  occurs,  also,  fitrther  dowa  tW  ] 

kt  To)pd«>,  au'I  on  tht-  Samlu^kr.  at  Krvmont ;  and  has  ad 

of  ai  or  30  tvi-L     It  is,  bowevo-,  ooafiiwd  to  the  liiii  isllij,  lail 

lunst  have  be«n  done  by  the  action  of  those  rivers,  tke  ■  imi  of 

whioh  were  se«  back  by  the  pre\-alenoe  of  the  iee,  ao  ■■  ■•  turm 

standiue  w«l«r.     Below  this  lamination,  the  typml  ^i^MdUtd 

drift,  which  for  lh«'  nKMt  part  covers  tbewh(dedislnet,H  iMMiaa 

«WwlK'rv. 

He  Fv^nrdM  tht?  «•x^st^^Dce  of  these 
of  the  ihMtrr  of  PruC  Jk^a^ua,  and   read   off  by   | 
nniultcrs  the  auiuMf'  of  mnat  of  the  iecL    The  haluM^  fittco  «• 

2tartli^l  hv  the  loUowins  fic«>ne;  1$;  IS;  S;  SSri^:  x.— £ 
r.  Acrw)  TntwM  ^~A^  31. 
ik  .V.i«r  w>  TixtH  KKJt^  Ascn«;  br  Q.  C  Mahh.— -TW  b^ 
■aaaxwal  frvM  the  Tcftiair  of  Wtwum^  dncribcd  bw-  Ifca  warn 
«s  7ilMMt4A«n«nH .'  icy*  |tbt  Joanai.  voL  ■,  ^  SS.'^aw.  bKli. 
|cv>Tw»  iv>  be  a  prvtbcwn^aa,  as  oh^itaJ^  sw^erttA.  "baa  &a 
W3IS  s4atwd  ia  a  aoCe  ««  page  l±$  «f  tbr  pwsel  Twti^K.    Ik 

T .KmcmAm*  aiwya. iMv  fioTirinaillj  affficd  t»  tfca ^|"<i*- 

wag  cbaa'fyl^  ia  the  errata.  M  TSaiKOi  aatya.  TW^h»  bi^m 
rftbwiaiaiilarvsiaMtarttf  tbaaeaf  JfamJii^baa  ishw  ymm^d 
B^«b«i.tv«.«»««-aUyAefkall.«fcr  wiMr  &^  ibW  «mk 
a  i<f  Yaic  CtfAece  bas  puslaaai  ct  a 
■  W  fauT  JMvrAeiL 
f  ft.  A  JKwwy^yl  ^-  fib  Hirna  Ci  iiili  ii  Mm 
"  "  Krt  m.  JP*mm)  if  s     '  ~ 
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hed  in  1866),  and  was  noticed  in  this  Journal  in  volnme  zliv,  p. 
6  (1867).  This  third  part  treats  of  several  speoies  of  Pteryga- 
9  and  of  the  related  Slimonia  acuminata  (Himantoptems  acu- 
inatus  Salter),  from  the  banks  of  Logan  Water,  near  Lesmaha- 
»w,  Lanarkshire.  The  descriptions  of  these  gigantic  crustaceans 
e  illustrated  with  effective  lithographs,  partly  of  natural  size, 
lie  genus  Slimonia  (of  Page)  approaches  PterygotuSy  and  differs 
>m  JEurypterus,  Stylonurus  and  DolicfwpteruB^  in  having  the 
'es  marginal  on  the  head.  Besides  the  marginal  eyes  there  are 
ro  ocelli  on  the  medial  line  of  the  headnshield,  about  a  third  of 
I  length  from  the  front.  Unlike  Pterygotua^  the  antennsB  are 
(ry  small  and  not  chelate,  and  they  have  the  base  expanded  and 
ted  to  act  as  jaws ;  and  this  is  one  of  several  important  distin- 
lishing  characters.  The  head  shield  of  one  indiviaual,  described 
f  Salter,  is  6^  inches  broad  and  1i  long.  Mr.  Woodward  states 
at  the  largest  specimeti  known  of  the  species  could  not  have 
Lceeded  /our  feet  in  length,  and  the  larger  part  of  those  found 
•e  of  in<£viduals  less  than  three  feet  long.  ''They  cannot  there- 
re  be  said  to  equal  in  size  the  largest  species  of  the  genus  Ptery- 
>tuSy  which,  no  doubt,  attained  a  length  of  at  least  five  feet.'* 
ne  specimen  of  Slimonia^  figured  natural  size  on  plate  zvii,  is 
\\  inches  long. 

In  the  following  part  of  this  memoir,  the  author,  as  he  announces, 
ill  give  in  a  condensed  form  the  diagnostic  characters  of  each 
snus  of  the  Merostomaia. 

7.  Notice  of  a  new  species  of  Tinocebas;  by  O.  C.  Marsh. — A 
icond  species  of  TinoceraSy  considerably  larger  than  T,  ancepSy 
larsh,  is  represented  in  the  Yale  Museum  by  portions  of  a  skull 
id  teeth,  with  parts  of  the  same  skeleton  ;  and  likewise  by  frag- 
entary  remains  of  several  other  individuals,  all  from  the  Eocene 
^posits  of  Wyoming.  The  skull  is  proportionally  very  small, 
id  indicates  one  of  the  most  remarkable  animals  yet  discovered. 

.  supports  a  pair  of  short  horns,  and  has  also  two  powerful  tusks, 
hich  in  size,  shape,  and  direction  resemble  the  canines  of  the 
alms.  The  molar  teeth  are  small,  the  last  of  the  upper  series 
sing  much  the  largest.  The  horn  cores  are  short,  somewhat 
irved,  with  obtuse  compressed  summits.  They  are  about  130"*"' 
I  length.  There  are  apparently  but  five  teeth  m  the  upper  molar 
me&y  and  a  long  hiatus  in  front  of  the  premolars.  The  tusks  are 
>mpressed  longitudinally,  regularly  curved,  and  worn  near  the 
ttremity  by  the  opposing  teeth  of  the  lower  jaw.  The  left  upper 
isk  measures  220'"".  in  length ;  66"*™*  in  antero-posterior  diam- 
;er,  and  33""^*  in  transverse  diameter  at  the  jaw.  The  atlas  with 
le  odontoid  process  is  144""°*'  in  length,  and  its  posterior  face 
^mm  ^i(3e.  The  bones  of  the  limbs  and  feet  resemble  those  of 
le  living  Proboscidea.  For  this  species  I  propose  the  name  of 
\noceras  grandis  ;  and  the  peculiar  group  of  animals  it  indicates 
lay  be  called  Jlnoceridm, 

8.  Microscopical:  A  Life  Slide, — ^The  accompanying  engrav- 
igs  represent  front  and  side  views  of  a  form  of  life  slide  for  the 
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miorosoope,  designed  mad  nwd  with  mnoh  waoeem  br  Mr.  D.  & 
Eolman.  It  is  oonfltnioted  to  retiin  the  grwtert  qiuDtt^  <rf  mate- 
lul  under  the  smallest  corer  glass,  and  is  desimea  to  be  Tued  wiA 
tlie  highest  powers  of  the  miorosoope  for  MMjiiig  tlie  Baoteri^ 
Tibriones  and  other  very  low  forms  of  life. 

The  slide  consists,  u  will  be  seen  from  the  onta,  of  a  oeotral 
polished  cavity,  about  which  is  a  omilar  poHahed  berel ;  and  from 
the  bevel  outward  extends  a 

small  ont,  the  object  of  which    r  A  /"      ""      ~1 

is  to  afford  an  abonduioe  of   |  '  V^     ^  t 

fresh  air  to  the  living  things 
within,  as  well  as  to  relieve 
the  preeanre,  whioh  shortly 
would  become  so  great,  from 
the  evaporation  of  the  liquid 
within,  as  to  oanse  the  destruc- 
tion of  the  cover  glass. 

No  special  dimenaiooB  are 
stated  for  the  central  cavity. 
The  bevel  is  usually  i  in.  m 

diameter  (the  cut  is  f  of  natural  sise) ;  the  small  canal  is  ent 
through  the  inner  edge  of  the  bevel  or  annular  space,  outward, 
for  the  purpose  named  above. 

It  is  found  upon  enclosing  the  animalcnls,  Ac,  that  they  will 
invariably  seek  the  edge  of  the  pool  in  which  they  are  confined, 
and  tho  beveled  edge  permits  the  observer  to  take  advantage  of 
thid  disposition;  for  when  beneath  it,  the  objects  are  within  range 
of  the  faigh-power  gluBBes. 

Another  very  important  feature  in  the  device  is  the  fact  that  a 
preparation  may  be  kept  within  it  for  davs  or  weeks  together, 
without  loeing  vitality,  owing  to  the  simple  arrangement  for  buik 
plying  fresh  air. 

We  have  repeatedly  had  the  opportunity  of  witDessing  the  use 
of  this  slide,  and  are  convinced  that  nothmg  of  the  kind  has  yet 
been  devised  which  can  equal  it  in  excellence,  either  for  observiug, 
or  generating  the  lower  forms  of  life. — Joumai  Franklin  JnstUute. 

WL   ASTBONOMT. 

1.  Extract  from  theAddrws  o/Mt.  DkLa  Rue  before  the  MatKt- 
matical  aiid  Pkysicitl  Section  tifthe  Britiah  Aatoeiaiion  of  which 
he  was  I'residenf. — Passing  to  the  subject  of  comets,  Mr.  De  I* 
Rue  gave  an  explanation  of  Prof  Zailner's  views — a  theory  which, 
he  said,  acquired  an  additional  interest  from  Schiaparelli's  dis- 
covery of  the  identity  of  the  paths  of  certain  comets  with  great 
meteor- streams,  since  the  meteoric  masses  nmst  inevitably  be  con- 
verted into  vapor  on  approaching  the  sun,  with  exhibition  of  the 
oharacteriatic  appearances  of  the  comets.  The  intimate  connectioo 
of  planetary  configuration  and  solar  spots,  of  the  latter  and  ter- 
j^^itrial  magnetism  and  auroral  phenomena,  most,  the  speaker  pro- 
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tend  to  establish  also  a  connection  between  solar  spots  and 
iiation.  It  is  demonstrated  by  the  researches  of  Piazsi 
Stone,  and  Cleveland  Abbe,  that  there  is  do  connection 

the  amount  of  heat  received  from  the  sun  and  the  pro- 
of spots — ^a  result  clearly  in  harmony  with  those  derived 
^nt  mvestigations  into  tne  nature  of  the  solar  atmosphere. 
,  in  a  paper  by  Mr.  Meldrum,  of  Mauritius,  to  be  read 
the  meeting,  most  remarkable  evidence  is  given  on  the 
onection  of  these  phenomena.  It  appears  that  the  cyclones 
idian  ocean  have  a  periodicity  corresponding  with  the  sun- 
iodicity ;  so  that  if  an  observer  in  another  planet  could 
measure  the  sunspots  and  cyclones  (earth-spots),  he  wonld 
ose  harmony  between  them.  Such  a  connection  will  prob- 
found  to  exist  over  the  ^lobe  generally ;  but  with  refer- 

the  Indian  ocean,  Meldrum's  discussion  of  twenty-five 
bservations,  that  in  the  area  lying  between  the  equator 
sonth  latitude,  and  between  40  and  110°  east  longitude, 
uency  of  cyclones  has  varied  during  that  period  directly 
imount  of  sun-spots.  Mr.  Meldrum,  in  order  to  place  the 
>ns  on  a  still  broader  fonndation,  proposes  to  investigate 
ws  on  a  plan  perfectly  in  agreement  with  the  method  of 
ning  the  areas  of  solar  disturbances,  the  results  of  which 
en  published  from  time  to  time  during  the  last  ten  years. 
er,  the  observations  on  the  periodic  changes  of  Jupiter's 
nee,  and  the  observations  of  Mr.  BaxendeU,  that  the  con- 
currents of  our  earth  vary  ac^cording  to  the  sun-spot 
-all  these  results,  seemingly  solitary,  but  truly  in  mysteri- 
nony,  point  to  the  absolute  necessity  for  establishing  con- 
LOtographic  records  of  solar  and  terrestrial  phenomena  all 
J  world.  There  is  every  hope  of  the  photographic  method 
ied  to  sun-observations  bemg  joined  to  the  work  of  the 
ich  Observatory  ;  but  what  is  further  wanted  is  the  erec- 
instruments  for  photographic  records,  and  of  spectroscopes 
aber  of  observatories  throughout  the  world,  so  as  to  obtain 
cords  of  the  sun  and  to  observe  magnetical  and  meteoro- 
)henomena  continuously  in  connection  with  solar  activity, 
logical  observation  is  storing  up  useful  facts ;  but  they 
T  be  dealt  with  effectually  if  investigated  in  close  parallel- 
1  other  cosmical  phenomena.  The  time  has  really  come, 
^  for  relieving  private  observers  from  the  systematic  ob- 
n  of  solar  phenomena,  but  for  drawing  close  ties  between 
«red  scientific  observations  so  as  to  let  one  grand  scheme 
\  the  whole ;  and  no  method  seems  to  be  so  well  adapted 
:  about  this  great  achievement  as  the  method  of  photo- 
g  the  phenomena  of  nature,  which  in  its  very  prmciple 
^th  it  all  extinction  of  individual  bias. 

Itbanob,  in  moving  a  vote  of  thanks,  complimented  the 
It  on  his  success  in  rendering  photography  available  for 
I  of  astronomical  measurement,  and  thus  accomplishing 
e  most  eminent  astronomers  had  believed  to  be  impossible. 
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Sir  W.  Thomsov,  in  teoondingr  the  modoa,  mned  ■ome  nmaiki 
on  Zdllner's  theory  of  comets,  it  reminded  mm  ftinXblj  of  a  &- 
cassion  which  took  place  at  a  meeting  of  workmen  at  IfillwalL 
One  of  them  broneht  forward  a  glaae  tube,  drew  an  inm  wire 
through  it,  and  laid  it  down,  and  after  a  few  minntee  the  glaai 
tube  cracked.  This' is  a  cnrions  phenomena,  and  not  eanly  ex- 
plained. A  discussion  took  place  as  to  its  cause,  and  many  ex- 
planations were  [)roposed ;  but  the  conclusion  finaUy  adopted  wis 
that  it  was  electiicaL  Omne  ignotum  pro  deedrieo  cxpreascs  the 
whole  foundation  of  Zdllner's  l£eory. — IVoe.  Brit,  Amoe.^  Atkm- 
(Bunij  Aug,  24. 

2.  Report  on  Lunar  ObfeeU  mam&Md  <^  Ctumm.  (Bead  he- 
fore  the  British  Association  by  Mr.  Bibt.)— As  tiie  last  report 
dealt  with  the  observations  of  the  spots  on  the  floor  of  the  Crater 
Plato,  from  which  it  appeared  that  changes  within  the  area  of  tike 
crater  had  been  in  progress  during  the  two  years  of  obaeiration,  so 
the  report  presented  to  this  meetine  dealt  with  the  obeemtionfl 
of  the  streaks  and  the  color  of  the  floor.  Hie  prindpal  results  of 
the  second  discussion  appeared  to  be  that  changes  in  the  appes^ 
ance  and  luminosity  of  the  streaks  had  been  detected,  and  tiheee 
changes  were  of  such  a  character  that  they  could  not  be  referred 
to  changes  of  illumination,  but  depended  upon  some  agency  con- 
nected with  the  moon  itself^  while  the  color  of  the  floor  was  found 
to  vary  as  the  sun  ascended  in  the  lunar  heavens,  being  darkest 
with  the  greatest  solar  altitude.  The  report  was  accompanied 
with  curves  from  which  the  relation  of  the  sun's  altitude  to  the 
various  degrees  of  that  observed  on  the  floor  as  of  cause  and  effect 
was  readily  deducible.  These  reports  on  the  appearances  of  the 
snots  and  streaks  indicate  the  strong  probability  that  if  further 
oDservations  are  undertaken,  definite  changes  of  an  interesting 
character  on  the  moon's  surface  are  likely  to  be  discovered. — iVoc 
Brit  Absoc.^  Athencmim^  Aug.  24. 

8  Aurora  AustraMs, — ^The  Aurora  Australis  was  visible  on  the 
evening  of  April  11th,  but  could  be  observed  only  for  a  short  time 
on  account  of  clouds.  Between  7.80  and  7.50  p.  k.  streamers 
were  frequent,  some  of  them  extending  to  near  the  zenith,  but  by 
8  p.  M.  all  streamei's  had  disappeared,  and  only  a  deep  red  glow 
reaching  an  altitude  of  about  60°— over  the  usual  segment  of 
cloud  extendins:  on  the  horizon  from  S.S.W.  to  S.E.  to  a  height  of 
12°-15° — could^  be  seen.  It  gradually  grew  fainter,  disappearing 
altogether  at  the  higher  altitude,  and  extending  only  about  10 
above  the  cloud-segment.  By  8.20  p.  m.  there  was  only  a  grayish- 
white  tint  visible,  growing  rapidly  fainter,  until  it  was  shut  out 
from  view  by  the  sky  becoming  overcast.  At  10  p.  m.,  when  the 
clouds  partially  cleared  away,  traces  of  the  same  could  still  be 
seen.  On  the  evening  of  the  16th  another  display  of  this  phenom- 
enon took  place,  but  could  only  be  seen  very  imperfectly  on 
account  of  the  cloudy  state  of  the  weather.  It  lasted  all  through 
the  evening,  but  at  no  time  could  any  streamers  be  seen. 
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incident  with  this  phenomenon  disturbances  in  the  magnetic 
ents  took  place,  bat  comparatively  of  small  extent,  the  range 
le  11th  bemg  40  minutes  of  arc  in  declination  and  0*0312  of 
absolute  unit  of  horizontal  force,  while  those  commencing  on 
5th  were  of  much  smaller  range,  but  are  remarkable  for  their 
duration. — Monthly  JRec,  Mewoume  Obs,for  April,  1872. 

Colors  of  the  equatorial  bands  of  Jupiter. — Dr.  Cipoletti,  of 
snce,  has  attributed  the  colors  of  the  equatorial  bands  of 
ter  to  an  auroral  cause,  and  sustains  it  by  comparing  the 
ts  of  observations  with  the  times  of  auroral  display  as  mani- 
d  on  the  earth, — ^these  times  being  the  same  for  all  parts  of 
lolar  system  since  thev  depend  on  the  condition  of  the  sun. 

TTie  Ol^ect-glass  of  the  Equatoreal  of  the  Allegheny  Ohserva- 
stolen.  (From  a  letter  to  the  editors,  dated  Sept.  11,  1872, 
.  P.  Langley,  Director  of  the  Observatory.) — The  Allegheny 
jrvatorv  was,  on  the  8th  of  July  last,  the  sufferer  by  a  bur- 
fy  of  a  kind  hitherto  nearly  unprecedented.  It  was  entered  at 
t,  ailer  the  Director  and  nis  assistant  had  left  the  building, 
the  object-glass  of  the  equatoreal  fid  inches  in  aperture^,  was 
>ved  from  the  telescope  and  carriea  away.  No  other  injury 
done,  and,  except  some  eye-pieces  belonging  to  the  transit, 
ing  else  was  taken. 

lave  reason  to  believe  that  the  thieves  hoped  to  extort  a  large 
.rd  for  the  return  of  the  glass,  which  is  of  course  otherwise 
eless  to  them. 

>nsidering  that  most  of  the  observatories  of  the  country 
id  be  prooable  sufferers  by  similar  spoliation,  if  a  precedent 
set  which  made  it  worth  while  for  burglars  to  repeat  the  theft 
vhere,  it  has  seemed  almost  a  duty  to  others  to  refuse  to  offer 
¥ard  and  immunity  from  punishment  as  the  price  of  its  return, 
esiring  that  those  m  charge  of  such  valuable  and  hitherto  lit- 
:uarded  instruments  should  be  warned  of  a  danger,  I  shall  be 
jed  by  your  giving  publicity  to  this  letter. 

JEkrcUum  to  Jh'cf.  JTirkwoocTs  Article  on  page  226  of  this 
me. — ^The  fraction  77^^99  should  have  been  printed  ^i^i.^. 

IV.   Miscellaneous  Scientific  Intelligence. 

Meeting  of  the  American  Association  for  the  Advancement 
Science^  at  Dubuque^  Iowa. — The  standing  committee  having 
d  in  their  efforts  to  make  satisfactory  arrangements  for  the 
ting  of  the  Association  in  San  Francisco,  accepted  the  invita- 
of  the  citizens  of  Dubuque,  and  convened  in  the  latter  city  on 
21  St  of  August,  Prof  Asa  Gray  in  the  chair.  After  the  address 
be  retiring  President,  Dr.  Gray,  which  was  one  of  great  inter- 
be  yielded  the  chair  to  his  successor.  Prof  J.  Lawrence  Smith, 
following  business  was  transacted  in  general  session, 
rof.  Benjamin  Peirce  was  added  to  the  committee  appointed 
le  Indianapolis  meeting  to  memorialize  the  General  Government 
egard  to  establishing  an  observatory  at  some  suitable  point 
1  the  Rocky  Mountains. 
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A  committee  was  appointed  to  memorialise  the 
ment  in  regard  to  the  aeeiiablenese^of  oompiling  the  mwdti  of  all 
the  geological  surveys  of  the^ontry,  aiid  pahUafaing  the  momu 


together  with  suitable  maps.    This  comndttee  ia  to 

the  members  who  are  or  haTO  been  in  ohaige  of  Stale  or  goma- 

ment  survejrs. 

A  resolution  was  passed  heartily^  endorBing  a  bill  now  pcndiitt 
in  Congress  proposing  to  appropriate  the  snrpliia  of  the  ao^nDed 
Chinese  indemnity  rand,  amoontin^  to  about  #460,000,  fiir  tibe 
education  of  Americans  and  Chinese  m  the  language  wad  litenlae 
of  the  respective  nations,  provided  said  fond  ahall  be  fonod  to 
^uitably  remain  in  the  possession  of  the  govenunent  of  the 
U  nited  States. 

A  resolution  was  also  passed  asking  of  the  War  DepaitiMBi 
the  establishment  of  a  Signal  Service  Station  at  Dabuqnc. 

The  association  also  by  resolution  expressed  approval  aad 
appreciation  of  the  published  results  of  the  G^logieal  Survey  of 
Iowa,  and  appointed  a  committee  to  memorialise  the  legidatnre  of 
Iowa,  asking  its  continuance  and  liberal  support  nntil  oompkted, 
under  the  direction  of  Dr.  C.  A  White. 

The  Committee  appointed  at  the  Indianapolis  meeting  to  report 
whether  any  revision  of  the  constitution  is  required  in  relatimi  to 
membership  and  greater  discrimination  in  the  acceptance  of  papen 
to  be  read  and  published,  reported  that  they  found  no  change 
necessary,  but  that  they  did  find  several  violations  of  the  consti- 
tution in  the  above  regard  to  have  been  of  common  occurrence, 
and  expressed  the  belief  that  a  strict  adherence  to  its  provisions 
is  of  vital  importance  to  the  association. 

A  proposition  to  establish  an  entomological  sub-section  of  the 
association  was  made,  which,  in  accordance  with  the  constitution, 
will  come  up  for  action  at  the  next  meeting. 

The  following  officers  for  the  ensuing  year  were  elected: 
President,  Prof.  Josrph  Lovebing,  of  Cambridge,  Mass,  (he  having 
resigned  the  office  of  Permanent  Secretary) ;  Vice-President,  A IL 
WoBTiiKN,  of  Springfield,  Illinois ;  Permanent  Secretary,  F.  W. 
Putnam,  of  Salem,  Slass. ;  General  Secretary,  Dr.  C.  A.  White, 
of  Iowa  City,  Iowa ;  Treasurer,  W.  S.  Vaui,  of  Philadelphia,  Pa. 

The  next  meeting  was  appointed  to  be  held  in  Portland,  Maine, 
on  the  dd  Wednesday  of  August,  1873. 

One  hundred  papers  in  all  were  presented ;  but  over  twenty  of 
these  were  not  accepted  for  publieatioiL  llie  following  are  tlie 
titles  of  those  which  will  prooably  appear  in  the  volume  of  Pro- 
ceedings: 

A  sketch  of  the  Geology  of  Iowa;  by  G.  A  Wmn. 

On  the  Eastern  Limit  of  Cretaoeoos  Deposits  in  Iowa;  by  C.  A.  Wnm. 

On  the  Ancient  Mounds  of  Dubuque  and  its  Y idnitr ;  by  EL  T.  Woodmak. 

Climatic  Changes  in  the  Salt  Lake  Talley ;  by  P.  a1  CHADBOuainL 

0n  the  Oviducts  of  Brachiopods;  by  B.  S.  Mobsb. 

On  the  Embryology  of  Terebratulina;  by  E.  S.  MoiSB. 

Obssrratioiia  on  living  Rhynchondla;  fay  £.  S.  Moisb. 

A  IWsnMrimi  of  the  raoee  of  Expansion  and  Contraction;  by  J.  D.  WAam 
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The  Relation  of  the  U.  S.  Coast  Survey  to  the  Qeological  and  Topographical 
Sunrej  of  the  States ;  hy  Bbnj.  Pibbob. 

The  Physics  of  the  Mississippi  River ;  by  G.  G.  Fobsht. 

On  Zoological  Barriers,  with  special  reference  to  South  America ;  by  Jambs 
Obtqk. 

On  Sympathetio  Yibrations,  as  exhibited  in  ordinary  mechanical  Vibrations,  and 
the  Optical  Method  of  showing  them;  by  Joe.  Lovbring. 

Apparatus  for  Electric  Measurement,  with  Rules  and  Directions  for  its  Practi- 
cal Application ;  by  L.  Bradley. 

Planetary  Motion  and  Solar  Heat ;  by  Chas.  E.  Phblps. 

On  Soil-AnaljTses  and  their  Utility ;  by  Eugenb  W.  Hilgabd. 

SoUtf  and  Lonar  Photography;  by  Jos.  Winlook.  [Communicated  by  Benj. 
Pieroe.l 

Glacial  Deposits  of  Northern  Ohio ;  by  John  B.  Pbrbt. 

On  a  Compensating  Clock  Pendulum ;  by  W.  L.  Cofukbbbrt. 

On  some  ancient  Carved  Stones  from  New  England ;  by  F.  W.  Putnam. 

Diagram  of  a  new  Cluster  of  Stars,  with  remarks ;  by  Thos.  Basnbtt. 

A  new  Projection  of  the  Sphere,  convenient  in  many  Physical  Investigations ; 
bj  Thos.  Basnbtt. 

Microscopical  Demonstrations ;  by  T.  C.  Hilgabd. 

Demonstration  of  Magnetic  Apparatus ;  by  T.  C.  Hilgabd. 

On  the  relation  between  Organic  Vigor  and  Sex ;  by  Hbnbt  Habtshobnb. 

Elephas  Misnssippiensis :  a  new  species  of  Fossil  Elephant ;  by  J.  W.  Fostbb. 

On  some  Peculiarities  in  the  Crania  and  Skeletons  of  the  Mound  Builders ;  by 

J.  W.  FOSTBB. 

On  the  Production  of  Spiegeleisen,  embodying  a  paper  by  Hugh  Hartmann ;  by 
J.  W.  FoeTBB. 

Deecription  of  the  Printing  Chronograph  at  the  Dudley  Observatory ;  by  O.  W. 
HonoH. 

Refraction  Tables  modified  and  expanded  from  Bessel's  formula,  to  be  used 
witfaoat  logarithms,  computed  with  the  Scheutz  Tabulating  Engine;  by  O.  W. 
Hough. 

On  the  so-called  velocity  of  the  electric  current  over  Telegraph  Wires;  by 
G.  W.  Hough. 

The  use  of  Automatic  Instruments  for  registering  Meteorological  Phenomena; 
by  O.  W.  Hough. 

The  use  of  Lead  in  the  Sulphate  of  Copper  Battery ;  by  G.  W.  Hough. 

On  Binary  Stars ;  by  D.  Kibkwood. 

Origin  of  Limestone  in  the  Coal  Measures ;  by  E.  B.  Akdbews. 

Ooal  and  some  of  its  special  Uses ;  by  E.  B.  Andbews. 

Good  Wine,  a  Social  and  National  Good ;  by  G.  C.  Swallow. 

Surface  Geology  of  North-Westem  Ohio ;  by  N.  H.  Winchell. 

Hypeometrical  Data  of  some  of  the  North-Westem  States ;  by  Albx.  Winohbll. 

Beoent  Geological  Discoveries  among  the  White  Mountains  in  New  Hampshire ; 
by  C.  H.  HrrcHOOCK. 

Explanation  of  new  G^logical  Map  of  New  Hampshire ;  by  C.  H.  Hitghoook. 

Tlie  Temperature  of  the  Sun ;  by  H.  F.  Walung. 

A  Chemical  Theory  of  Electrici^ ;  by  H.  F.  Walling. 

TbB  force  at  any  point  of  the  Surface  of  a  rotating  fluid  ellipsoid  of  three 
uneqiial  axes,  under  the  action  of  the  gravity  of  its  own  particles  and  the  aooom- 
panying  centrifugal  force ;  by  R.  J.  Adcogk. 

llie  Friction  of  the  Progressive  motion  of  Water  in  the  Tide  Wave,  being  less 
than  friction  of  the  return  undercurrent  upon  the  bottom,  the  Tide  Wave  does  not 
lengthen  the  day ;  by  J.  D.  Warneb. 

&  a  new  Genus  in  the  Lepidopterous  Family  Tineida^  with  Remarks  on  the 
Fractiflcation  of  Tuoca ;  by  C.  V.  Rilet. 

Compressed  Air  as  a  Motor ;  by  Wii .  Jordan. 

The  distiibution  of  the  Ruby  and  Sapphire  in  the  United  States,  with  exhibitions 
of  some  specimens  from  Montana;  by  J.  Lawrbncb  Smith. 

te  the  cause  of  the  Mortality  of  Fish  in  Racine  River ;  by  P.  B.  Hot. 

On  the  Dynamical  condition  of  the  three  states  of  Aggregation ;  by  G.  Hinbichs. 
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Pyrite  on  the  lateral  edges  of  Galdte  scalenohedra ;  by  G.  Hikbioh& 

Simple  Arsenic  Apparatus  for  the  certain  detection  of  minute  tracee  of  Araniic 
in  toxicological  investigations;  by  G.  Hikbichs. 

On  the  Law  of  ProlMibility  as  applied  to  the  determination  of  mental  exertions; 
by  G.  HiNBiCHS. 

Simple  Apparatus  for  Students  for  quantitative  demonstrations  in  the  Physicil 
Laboratory ;  by  G.  Hinbiohs. 

An  account  of  an  Iron  Meteorite  that  was  seen  to  fall  in  South  Africa;  by  J. 
Lawrkncb  Smith. 

The  conversion  of  the  Sulphates  of  Potash  and  Soda  into  Carbonates  in  the 
moist  way ;  by  J.  La  WHENCE  Smith. 

On  the  ultimate  Analysis  of  Coal ;  by  E.  T.  Cox. 

Atmospheric  Theory  of  an  ameliorated  climate  and  an  Open  Sea  in  the  Arctic 
Regions  in  opposition  to  the  Gulf  Stream  theory ;  by  W.  W.  Wheildon. 

A  brief  statement  of  effects  of  the  Thunder  Storms  of  July  and  August  of  the 
present  year  in  the  vicinity  of  Boston ;  by  W.  W.  Wheildon. 

Some  Observations  in  Topographical  Geology  in  North  Carolina;  by  W.  G. 
Kerb. 

On  the  gigantic  Mammals  of  the  genus  Loxolophodon ;  by  £.  D.  Cope. 

On  the  Eocene  genus  Synoplotherium ;  by  E.  D.  Cope. 

On  the  Geological  Age  of  the  Coal  of  Wyoming ;  by  E.  D.  Cope. 

On  the  so-called  sexual  characters  of  Copepoda;  by  A.  H.  Tuttlb. 

Remarks  on  the  magnifying  powers  of  objectives ;  by  R.  H.  Wabd. 

On  a  Field-stage  for  clinical  Microscopes ;  by  R.  H.  Wabd. 

Respiration  in  Plants ;  R.  Kino. 

Circulation  in  Lisects ;  by  R.  Kino. 

Organisms  in  Drinking  Water ;  by  H.  W.  Baboook. 

Media  for  the  preservation  of  Entomostroca;  by  0.  S.  Wesoott. 

2.  Papers  relating  to  the  TVausit  of  Venus  in  \%1^y prepared 
U7ider  the  direction  of  the  Commission  authorized  by  Vongress, 
Part  I.  Washington:  Government  Printing  Office. — Congrefla 
appropriated  $2,000  in  March,  18V1,  for  experiments  upon  the 
best  fonn  of  instruments  to  be  used  in  the  approaching  transit  of 
Venus,  and  constituted  a  Commission  to  expend  this  appropriation 
and  such  others  as  might  be  made  for  observing  the  transit.  The 
present  papers  arc  published  by  this  Commission.  There  are  two 
quite  important  ones  by  Mr.  Rutherfurd,  in  which  he  expresses  his 
opinion  that  the  best  form  of  movable  instrument  for  photograph- 
ing the  transit  would  be  a  five-inch  objective,  with  seventy  mcoes 
focal  distance,  in  a  cell  allowing  of  the  a])plication,  in  front  of  it, 
of  a  flint-glass  lens  of  such  curves  as  would  shorten  the  focal  dis- 
tance to  sixty  inches,  and  at  the  same  time  correct  the  object-glass 
for  photographic  rays.  An  enlarging  camera  should  be  fitted  into 
the  tube  of  the  telescope,  enlai-ging  the  image  about  four  diameters, 
or  to  about  two  inches  diameter.  This  is  upon  the  method  suc- 
cessfully emj)loye(l  by  Mr.  llutherfurd  in  his  own  observatory  in 
New  York. 

i^rof  Newcomb  after  discussion  of  the  difficulties  of  the  problem, 
favors  the  method  employed  by  Prof.  Winlock,  which  is  to  throw 
the  image  of  the  sun,  by  a  plane  revolving  mirror,  into  a  fixed  tel- 
escope oi'  very  long  focal  distance. 

We  wish  that  the  Commission  could  have  given  us  another  paper 
detailing  the  character  and  the  results  of  the  experiments  proviaed 
for  by  the  tirst  appropriation  of  Congress.     It  would  seem  that 
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Jie  photographs  made  in  these  two  ways  ought  before  this  time 
;o  have  been  compared,  and  the  capabilities  of  each  method  for 
lecuring  the  highest  degree  of  accuracy  determined.  We  fear 
hat  the  experiments  have  not  been  made,  and  that,  if  not  made 
rery  soon,  the  efficiency  of  all  the  American  photographic  obser- 
vations of  the  transit  will  be  sadly  impaired. 

3.  Volcanic  Mruptian  on  J9?^t/?ait.— Sandwich  Island  papers  of 
\agust  21  and  28,  announce  that  the  summit  crater  of  Mt.  Loa  is 
leain  in  eruption.  A  brilliant  light  is  seen  at  the  summit  from 
lU  sides  of  the  island,  and  ejections  of  columns  of  lava  to  a  height 
)f  several  hundred  feet  take  place ;  but  a  flow  of  lava  down  the 
noontain  is  not  reported. 

4.  THdcU  wave  at  the  Sandwich  Islands, — An  unusual  tidal 
wtLve  took  place  at  these  islands  on  August  23,  at  12  o'clock  noon, 
^t  Honolulu  from  12*^  to  l^"^  there  were  five  distinct  waves  of 
iiminishing  height,  ranging  from  12  to  15  minutes.  Captain 
Williams  of  the  British  ketch  Ino,  reports  that  on  August  18,  in 
18**  66'  N.  and  1 59°  W.,  the  sea  for  twenty-four  hours  was  violently 
)reaking  and  boiling  as  if  on  a  bar  or  reef — Honolulu  Gazette. 

6.  A  General  Index  to  the  Contents  of  Fourteen  Popular  Trea- 
■ises  on  Natural  Philosophy,  for  the  use  of  Students,  Teachers 
md  Artizans,  by  a  Massachusetts  Teacher.  108  pp.,  8vo,  New 
Fork,  1872  (Ivison,  Blakeman,  Taylor  &  Co.). — ^This  index  will 
)e  found  very  useful  to  all  students  in  physics,  and  those  interested 
n  physical  questions.  The  fourteen  treatises  here  indexed  include 
«rorks  of  Tyndall,  Golding  Bird,  W.  A.  Miller,  J.  Muller,  J.  P. 
[!k>oke,  and  other  valuable  treatises. 

6.  Pompeii. — It  is  only  a  run  of  forty-five  minutes  by  rail  [from 
Sesina]  to  Pompeii,  so  I  determined  to  have  another  look  at  it ; 
md  a  most  enjoyable  excursion  it  was.  It  was  the  "  free  day," 
nrhen  the  public  are  permitted  to  enter  without  paying  a  fee,  and 
without  being  accompanied  by  a  guide — a  nuisance  from  which 
pre  were  most  grateful  to  be  liberated.  There  are  at  present  180 
nen  employed  in  the  work  of  excavation,  somewhere  outside  the 
Temple  of  Venus;  but  as  they  are  breaking  new  ground  of  consid- 
erable depth,  much  has  to  be  cleared  away  before  any  thing  can 
ye  discovered.  In  the  general  aspect  of  the  old  city  no  changes 
ire,  of  course,  observable;  but  everywhere  I  marked  the  judicious 
5are  and  attention  which  have  been  bestowed  by  the  director,  the 
[^ommendatore  Fiorelli,  in  preserving  the  ruins,  and  rendering  a 
irisit  one  of  instruction  as  well  as  of  enjoyment.  The  bodies,  or 
:brm8  of  bodies,  in  the  museum,  held  together  or  filled  up  by  pias- 
ter of  Paris,  after  the  ingenious  design  of  the  Commendatore 
Fiorelli,  had  a  more  than  usual  interest  for  me.  Their  discovery 
md  preparation  is  an  old  story  now,  for  I  was  present  at  their  dis- 
interment and  preparation  "a  long  time  ago,''  and  sent  a  detailed 
report  of  all  to  the  Athenaeum;  but  I  repeat  they  had  an  especial 
interest  for  me  now,  for  they  were  a  livelv  and  painful  representa- 
tion of  the  sufiferings  lately  inflicted  by  the  same  agency.  To  one 
:>f  the  bodies  still  adheres  a  portion  of  its  dress,  and  in  April  last 
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many  victims  in  their  agony  prayed  to  have  their  clothes  removed; 
but  it  was  found  to  be  impossible  to  do  so  without  flaying  them 
alive.  Another  body,  that  of  a  female,  lies  apparently  with  a 
handkerchief  at  her  nose,  reminding  me  of  that  terrible  28th  of 
April,  when  even  in  the  streets  of  Naples  it  was  impossible  to  walk 
without  sheltering  eyes,  nose,  and  mouth ;  and  when,  after  gulp- 
ing a  quantity  of  dust,  it  was  necessary  to  make  a  bolt  for  our 
houses.  The  same  agency  was  at  work  on  both  occasions,  and  it 
is  jpainfiilly  illustrated  by  the  bodies  in  the  museum  of  Pompeii 
— H.  W.,  AthencBum^  July  20. 

3.  Sea-Serpents, — Regarding  "  sea-serpents,"  the  following  note 
may  be  interesting: — The  South  African  Museum,  Cape  Town, 
recently  received  a  specimen  of  the  Ribbon  fish  {Gj/tnnotena) 
fifteen  feet  long  without  the  tail.  It  appears  that  this  fish  is  known 
to  distant  inland  fishermen  as  being  forty  feet  long,  and  from  its 
slender  shape  and  snake-like  movement  is  probably  the  *' sea-ser- 
pent" of  late  years  so  minutely  described  by  navigators.  From  its 
head  there  is  erected  a  plume  of  rose-colored  spines,  and  from 
head  to  tail  along  its  back  there  is  a  conspicuous  mane-like  fin. 
Its  general  color  is  like  burnished  silver.  The  eye  is  large  and 
silvery,  and  the  profile  of  the  head  comports  well  with  that  of  the 
horse.  The  specimen  could  not  be  preserved,  but  there  are  two 
smaller  specimens  in  the  Museum. — Nature^  Aug.  1. 

4.  Bass  culture  in  England, — We  learn  from  the  Field  of  July 
20,  that  Mr.  Parnaby  has  succeeded  in  bringing  sixty  black  bass 
fry  home  from  America,  and  that  they  are  safely  deposited  in  the 
tanks  at  Troutdale,  Keswick,  and  are  feeding  heartily,  so  that 
they  may  be  considered  safe.  He  found  great  difficulty  in  col- 
lecting the  fry  and  bringing  them  safely  across  the  Atlantic  on 
account  of  the  intense  heat.  Mr.  Francis  considers  this  the 
second  greatest  feat  in  pisciculture,  the  first  being  the  conveyance 
of  salmon  to  Australia. — Naiure,^  ^".?-  !• 

5.  British  Association. — The  meeting  of  the  British  Associa- 
tion for  1873  will  be  held  at  Bradford,  under  the  presidency  of 
Mr.  J.  P.  Joule.  The  want  of  space  prevents  the  reproduction  in 
this  Journal  of  the  address  of  the  President,  Dr.  Carpenter,  at  the 
recent  meeting  of  the  Association,  and  abstracts  of  the  papers. 
These  will  be  found  in  the  numbers  of  Nature,  commencing  with 
that  for  August  15,  to  be  had  of  Macmillan  &  Co.,  New  York. 

OBITUARY. 

Sir  Andrew  Smith,  the  author  of  "  Illustrations  of  the  Zoology 
of  South  Africa,"  has  recently  died  at  the  age  of  seventy-five. 

Dklaunay,  the  astronomer  and  pliysicist,  director  of  the  Observ- 
atory at  Paris,  died  on  the  4th  of  August,  at  Cherbourg,  by  the 
upsetting  of  a  boat,  while  in  an  excursion  on  the  coast  of  Nor* 
mandy.     He  was  born  in  August,  1816. 
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Euclid s  doctrine  of  Parallels  demonstrated. 
By  Alex^r  C.  Twining,  LL.D. 

"  The  number  of  demonstrations  proposed  on  the  subject  of 
Parallel  Lines  is  evidence  of  the  anxiety  felt  by  geometrical 
writers  upon  the  subject."  With  this  remark  the  author  of 
"  Geometry  without  Axioms" — a  work  published  in  1834  in 
England* — concludes  his  extended  and  critical  review  of  some 
thirty  attempts  made  successively  by  Ptolemy  the  astronomer,  by 
Proclus,  Clavius,  D'Alembert,  Boscovich,  Simpson,  Playfitir, 
L^endre,  and  other  celebrated  or  approved  authors — not  less 
than  twenty  in  number — to  demonstrate  Euclid^s  assumed 
axioHL  Such  persistence  in  abortive  endeavors,  continued 
through  centuries,  marks  an  inherent  reluctance  of  scientific 
minds  to  confide  in  any  tests  and  confirmations  by  experience 
merely  for  the  best  attainable  proof  of  those  elementary  truths 
which,  it  is  felt,  ought  to  be  based  upon  pure  intellectioa 

The  demonstration  which  follows  is  changed  in  form,  although 
not  essentially  in  its  principle,  from  the  same  as  presented  by  the 
writer  of  this  at  the  Salem  meeting  of  the  Amencan  Association 
for  the  Advancement  of  Science,  and  which,  accordingly,  appears 
io  the  published  proceedings  of  that  body  for  1869.  Also,  hav- 
ing in  view  a  merely  imaginary  introduction  of  this  proof  into 
his  Elements,  new  Corollaries  to  three  of  Euclid's  Propositions 
are  here  supplied,  and  also  a  brief  intercalary  Proposition,  which 
is  thought  of  sufficient  value — and  the  Corollaries  as  well — to 
justify,  on  the  whole,  their  introduction  into  a  Book  of  Geome- 
try, independently  of  the  use  here  made  of  them.  After  the 
example  of  Play  fair  and  others,  the  intercalary  Propositions  are 
lettered  and  numbered  in  a  manner  to  designate  their  proper 
place  and  order  in  the  Book  (I.)  for  which  they  are  thus  pre- 
pared, as  follows : — 

Euclid's  Elements,  Book  I. 

Prop.  FV*.  Cor.  If  two  incomplete  figures  have  their  sides 
equal,  each  to  each  in  the  same  order,  and  likewise  the  con- 
tained angles  equal,  each  to  each  in  the  same  order,  then  the 
two  sides  drawn  to  complete  the  figures  shall  be  equal,  and  the 
figures  shall  be  equal  and  alike  in  every  respect. 

*  Bj  T.  Perronet  Thompson,  Queen's  Col,  Cambridge. 
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Prop.  XIX.  Ck>B.  In  a  right  angled  triangle  the  side  sub- 
tending the  right  angle  ii  greater  than  either  of  the  sides  con- 
tuning  the  right  angle. 

For  (17.  1.)  the  right  angle  must  be  greater  than  either  of  the 
angles  opposite  to  it,  and  therefore  must  subtend  a  greater  side. 

Prop.  XXIY.  Cob.  Iq  two  triangles  having  unequal  angleg 
oontained  by  sided  equal  each  to  each,  the  angle  opposite  the 
SQiallerooatained  angle  and  subtended  by  that  one  of  the  con- 
taining sides  which  ia  not  less  than  the  other,  is  greater  than  the 
dmilarly  subtended  side  of  the  other  triangle. 

For  I)  E  F  is  greater  than  D  E  Q  or  A  B  C,  which  has  the 
larger  included  angle. 

Prof.  XXI  a.    Thbobeh. 

If  two  straight  lines  intersect,  then  any  third  line  from  one  lo 
iheotha-  is  greater  than  a  perpendiculaT  dropped,  from  any  point 
between  the  Oiird  line  and  the  point  of  intersection. 

Let  the  straight  lines  A  E,  A  F,  intersect  in  A,  and  let  BC 
be  perpendicular  to  A  F,  and  A  E  be  longer  than  A  B.  Then 
any  line  E  D  is  longer  than  B  C. 

For  suppose  ED  not  i^«-  i 

to  be  greater  than  B  C ; 
and  if  it  is  not  perpendic- 
ular to  A  F,  let  the  per- 
pendicular EF  be  drop 
ped.  Then,  in  the  righi 
angled  triangle  E  F  D, 
EF  is  leas  (19.1.  Cor.)  than  ED,  and  therefore  less  than  BC. 
Produce  F  E  lo  G,  making  F  G  equal  to  B  C.  Take  F  H  equal 
to  C  A,  and  join  G  H,  crossing  A  E  in  L  Because  G  F,  F  H, 
equal  BC,  C  A,  each  to  each,  and  contain  respectively  right 
angles,  the  angle  GHF  or  IHF  is  equal  (4.1.)  to  B  A  C  or 
I A  H, — which  is  impossible,  because  (16. 1.)  the  exterior  angle 
IHF  must  exceed  the  interior  opposite  angle  of  the  triangle 
I  A  H.  Therefore  E  D  must  be  greater,  and  E  F  cannot  be 
less  than  B  C.  Neither  can  E  F  be  equal  to  B  C,  for  then  the 
point  G  would  coincide  with  E,  and  also  the  point  I  with  the 
same,  and  the  angle  EHF  would  be  proved  equal  to  its  in- 
terior opposite  angle  E  A  H,  which  is  impossible.  Therefore 
E  F  can  neither  be  less  than  B  C  nor  equal  to  it,  but  muat  be 
greater ;  and  much  more  must  any  other  line  E  D  from  E  bo 
greater. 
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^^_  Prop.  XXVIII  a.    Theorem. 

--^^_        triangle  can  have  the  sum  of  its  angles  greater  than  two  right 

^      ""  ""^  A  B  C  be  a  triangle.     The  sum  of  its  angles  at  A,  B, 
^   ~_^C3not  exceed  two  right  angles. 

"     "^    "St,  let  the  triangle  De  Fig.  s. 

^  ^^^^  angJed  at  A,     From  [" 

_^^     "^fc^jci  B  D  perpendicular 

^^   -_A  B,    iitid  join    CD. 

"^(xise  the  tingles  at  B  I 

C  together  to  exceed  a  I 

^2^^*  angle.    Then  because  I 

Ss^gfeC    and    BC  A     ex- 

^~^    a  right  angle,  but  A  B 

>te    "^^d  C  B  D  together  only  equal  a  right  angle,  A  C  B,  contained 

ife     "^-le  sides  A  C,  CB,  is  greater  than  CB  D  contained  bj  the 

^^^^^  D  B,  B  C,  equal  to  the  others  each  to  each ;  and,  of  these,  B  C 

Xhe  preoter  because  it  subtends  the  right  angle  at  A  (19.1. 

j=^:  »■-).     Therefore  (24.1.  Cor.)  the  angle  BDC   is  greater  than 

*■-        *  right  angle  at  A.     And  oecause  the  three  sides  C  A,  A  B, 

"^  containing  the  right  angles  A,  B,  are  equal  to  the  same,  taken 

Kbe  order  DB,  BA,  AG  (i.l.  Cor.),  and  the  right  angles 
|]  in  the  order  B,  A,  the  angle  A  C  D  equals  the  angle 
C,  and  m  therefore  greater  than  a  right  angle.  And  in  like 
Ber  may  it  be  ediown  by  taking,  in  A  D  produced  to  B,  the 
I  B  G,  G  I,  I R,  to  any  desired  number,  each  equal  to  A  B, 
erecting  the  perpendiculars  G  H,  I  J,  BY,  and  bo  on, 
equal  "to  A  C  or  B  D,  that  tlie  figures  B  H,  G  J,  I Y,  and 
..^  u  vo,  are  each  equal  and  alike  in  every  respect  to  the  figure  A  D. 
t^'  ^mplete  the  figures  by  joining  D  H,  H  J,  J  Y,  and  so  on. 

Produce  CD  indefinitely  to  K.*  Because  CDBis  greater 
ihan  a  right  angle,  its  adjacent  angle  B  D  K  (1S.1.)  is  less  than 
&  right  angle,  and  much  more,  less  than  BDH,  and  must  fall 
within  il,  so  that  CD  produced  will  cut  GH  in  some  point  L, 
making  GL  less  than  GH  and  than  its  equal  AC.  So  also, 
for  the  like  reasons,  J  H  produced  toward  D  B  will  cut  DL  in 
-    some  point  N ;  and  K  L  or  C  L  produced  will  cut  J  I  in  some 

Eoint  M,  making  I  M  leas  than  I J  or  its  equal  A  C.     And  in 
ke  manner  may  it  be  shown  by  producing  Y  J  toward  GH 
that  CD  produced  cuts  RY,  making  RZ  less  than  AC;  and 
",    ao  on  for  every  perpendicular  drawn  as  above  described.     Take 
.    hi  B  D,  6  H,  and  BO  on,  BO  equal  to  GL,  QP  equal  to  IM,  IQ 
•qaal  toKZ,  and  soon.    Join  CO,  OP,  PQ,  Ac.    Because  C  A, 
A  B,  B  O,  equal  D  B,  B  G,  Q  L,  each  lo  each,  and  the  included 

•  It  caunol  meet  A  B  produced  (H-l)- 
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angles  are  right  Miglea,  the  ugles  AGO;  B  D I^  ve  eqnl 
(4.1.  CorA  and  C  O  B,  D  L  O,  tre  eqaal.  And  in  like  manna  h 
ma;  be  ahowa  that  BOP  equals  G  L  M^ ,  aUo  tliKt  G  P  Q  eqaitla 
IMZ,  and  so  on,— abo  that  OPG  equals  LMI.  and  PQI 
equals  M  Z  B,  and  so  on.  Bat  D  L  G  and  G  L  M  are  together 
equal  to  two  right  aogles, — oonaequently  their  equals  COB 
and  B  O  F  are  the  same,  and  (.14.10  C  0  F  is  one  straight  lioe- ' 
or  the  line  CO  prodnoed  paaus  through  P.  In  like  manoi 
may  it  be  shown  toat  0  0  pradued  passes  through  Q.  W,  aa 
so  on  indefinite]/.  The  line  D  K  can  never  meet  B  R*  (IT.lJI 
sinoe  the  aosles  of  the  two  with  A  C  exceed  two  right  aDf* 
Consequent^  there  oaa  neT«r  cease  to  be  a  distance  R  Z, 
OD  the  same  side  of  A  B,  an  eqaal  distance  I Q,  tlirough  the  en 
mmity  of  whioh  0  O  prodooaa  ahill  pass.  Therefore  C  O  csa 
never  meet  A  R  Beoaase  A  C  lees  ibe  segment  D  O  equals  B  0,^ 
and  B  0  less  L  P  equals  P  6,  and  so  on,  it  follows  that  an/ 
perpendicular,  as  B  W,  equals  A  C  less  the  sum  of  all  the  seg- 
ments  D  0,  L  P,  M  Q,  Z  W ;  any  namber  in  of  whioh  onnnot 
toniber  equal  A  C,  for  otherwise  C  O  prodnoed  ooold  meat 
A  B  produced,  which  is  impossibla  Drop  I>  S  perpendioolar  to 
C  W,  and  let  m  be  such  a  namber  that  D  S  ta^n  m  times  shall 
exceed  A  C.  Then  among  that  number  m  of  the  segments 
there  must  extend  from  some  point  in  CD  produced  at  least 
one — as  Z  W — which  is  less  than  I)  S, — which  is  impoesible 
(21  A.  1.).  Therefore  no  right  angled  triangle  oan  have  its 
oblique  angles  A  B  C,  A  C  B,  together  greater  than  a  right 
angle :  and,  because  any  triangle,  as  C  0  P,  can  be  divided  into 
two  right  angled  triangies  C  S  D,  D  S  0,  of  which  the  oblique 
angles  D  0  S,  0  D  S,  of  one  triangle,  and  the  like,  S  D  O,  D  0  S, 
of  the  other  triangle  together  make  up  the  three  angles  of  (he 
triangle  GOD,  those  angles  can  never  have  their  sum  greater 
than  two  right  angles. 

CoR.  If  two  perpendiculara  A  C,  B  D,  to  a  given  base  A  B^ 
have  their  extremities  joined,  the  angles  A  C  S,  C  D  B,  at  the 
extremities  of  the  perpendiculars  shall  be  equal  to  one  another. 

Prop.  XXVIII  b.    Thbobek. 

Through  a  given  point  there  can  be  but  one  paraSel  to  a  given 
ttraight  line. 

Let  A6  be  the  given  line,  and  0  a  given  point  Drop  C  A 
perpendicular  to  A  B,  and  through  C  draw  the  straight  line 
C  B  at  right  angles  to  A  C ;  then  C  R  is  the  only  parallel  to 
A  B  through  C. 
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For  take  any  line  C  O  mRking  an  acute  angle  AGO  with 
i  0.  From  any  point  G  in  the  line  drop  G  F  perpendicular  to 
J  R  Bisect  C  F  in  D,  and  erect  D  I  perpendicular  to  0  E 
ind  meeting  CO  in  I.     In  FG,  lake  FH,  HK,  each  equal  to 


)I,  and  join  DH,  III,  IK.  Because  the  sides  CD,  DI,  are 
qual  to  the  two  D  F,  F  H,  and  the  indaded  angles  right  angles 
be  triangles  C  ID,  D  H  F,  are  equal  and  alike  in  every  respect 
4.1.),  and  the  angle  C  I  D  equal  to'  D  H  F.  But  D  I  0  is 
djaoent  to  DIC  at  the  point  I  in  the  straight  line  C  0,  and 
imilarlj  D  HG  is  adjacent  to  D  H  F, — consequently  (13.1.) 
>  I O  and  D  H  G  are  equal  angies. 

The  anglea  DC  I,  CID,  of  the  triangle,  right  angled  at  D, 
Duat  together  (28a.  1.)i  either  be  equal  to  or  less  than  a  right 
LDgle:  First,  suppose  them  to  Im  equal  to  a  right  angle. 
Phen,  because  either  IDH  or  DHF  together  with  FDH 
nakea  a  right  angle,  those  iirst  two  angles  are  t^qnal,  and  the; 
ire  also  contained  by  sides  D  I,  D  H,  and  H  F,  H  D,  which 
ire  equal  each  to  each ;  wherefore  the  triangles  I)  I  H,  D  F  H, 
ire  equal  (4.1.),  and  alike  in  every  respect.  Also  (28a.  1. 
3or,)  from  the  equality  of  the  perpendiculars  DI,  FH  the 
ingle  DIH  equals  IHF,  and  each  is  a  right  angle  because 
qual  to  DFH,  and  therefore  (13.1.)  IHG  is  a  right  angle. 
>ince  therefore  the  two  sides  D  I,  I  H,  of  one  tri^kngle  equal 
he  two  H  K,  H I  of  another  triangle,  each  to  each,  and  the  con- 
ained  angles,  are  right  angles,  the  triangle  H I  K  is  equal  and 
ilike  in  every  respect  to  I  H  D,  and  also,  therefore,  to  D  C  I. 
Therefore  the  angles  H I  K,  DIC  together  equal  a  right  angle, 
md  the  three  angles  01 D,  DIH,  HIK  together  equal  two 
ight  angles.  Therefore  (It  1.)  CI,  IK  make  one  and  the  same 
thiight  line.  Also  the  two  angles  FGKand  F  KCof  the  right 
mgled  triangle  0  F  K  are  together  equal  to  a  right  angle.  There- 
i>re  it  has  been  shown  that  if  the  oblique  angles  of  the  right 
,Dgled  triangle  C  D I  are  loget  her  equal  to  one  right  angle,  then  C I 
iroduced  wil)  pass  through  the  point  K,  making  a  right  angled 
riangle  0  F  K,  which,  equally  with  GDI,  has  its  oblique  angles 
ogether  equal  to  a  right  angle.     Produce  C  F  to  J,   making 
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F  J  equal  CF,  and  ereot  a  perpeadienlar  JL  donble  of  VK. 
It  may  be  proved,  in  like  inaoner,  that  0  E  prodoosd  will  pMI 
through  Xi,  and  form  th«  right  an^ed  triangle  OJL,  *naii 
oblique  anglee  are  together  equal  to  a  ri^t  an^A  T^irnfMiltBg 
thoa  by  suocenively  doubling  the  bases  and  the  perpendiculan  I 
at  the  eztramities  of  the  biae^  dure  will  ai  last  be  Ibund  a. 
^  perpendionlar,  ai  B  Z,  greater  tuo  0  A,  through  the  extremi^ 
Z  of  vbieb  0 1  if  prodaoed  &r  eooDgh  must  pasa,  and  foraij 
with  GB,  BZ^arigataiuled  triangle  whose  oblique  angles  at  0 
and  Z  make  ttwethor  a  tight  anglei  Produce  C  A  to  N  making: 
O  "S  equal  loBZ,  and  j<nn  N  Z.  In  like  manner,  as  it  WU' 
ihown  that  the  triaDglee  D  F H,  DIB,  are  equal  and  alike  itf 
eveiT  reapeot,  the  aame  may  be  ahown  of  the  trinngles  CSZ,'. 

0  SZ,  ao  that  the  angle  0  K  Z,  being  equal  to  C  B  Z,  is  a  right 
angle.     CoDsequently  (28.1.)  the  two  lines  A  B,  NZ,  makiag  i 
witbCN  the  two  interior  angles  eachn  right  angle,  cannot  meel,  I 
and  Z,  equally  with  N,  being  on  the  other  side  of  A  B  from  C^  j 
the  line  C I  produced  has  met  A  B  and  CTaaeed  it,  and  mmtitf 
meet  and  croes  in  case  the  anglea  of  GDI  are  tMethertwo  ri^ 
angles  as  first  supposed.    But,  if  C I  produced  does  not  pass,  u 
above,  through  K,  then  the  angles  of  G  B I  cannot  be  equal  (o 
two  right  angles,    and    therefore    they  must  be  leas,    siooe 
(28  A,  1)  thev  cannot  be  Rreater, 

Suppose  then  that  the  angles  of  G  B I  are  tt^ther  less  tfara 
two  right  angles.  Then,  the  construction  and  proof  remainii^ 
as  before,  the  angles  of  the  triangle  D  F  H  are  leas  than  two 
right  angles,  ana  since  the  angles  of  I)  I H  cannot  be  greater 
than  two  right  angles,  the  four  angles  of  the  quadrilateral  I F 
are  less  than  four  right  angles,  and  each  of  the  eqn&l  angles  at 

1  and  H  is  less  than  a  right  angle.  Therefore  IKK  is  greater 
than  the  angle  I H F  or  its  equal  HID.  Draw  H P  equal  to 
IB,  or  HK^at  the  angle  IHPeqnal  to  HIB,  which  is  Jess  than 
a  right  angle — and  therefore  I  HP  Inlla  within  the  angle  I H E. 
Join  IP;  then  (4.  1.)  the  angle  HPI  equals  HD^  and  is 
accordingly  acute.  It  may  be  supposed  either  that  P  shall  Ul 
within  the  triangle  I H  K,  as  at  p,  or  else  in  the  side  I K,  as  at 
p\  or  otherwise  outside,  as  at  P.  Supposing  it  at^,  let  H^  be 
produced  to  meet  I K  in  p'.  Then  H.p'  is  greater  than  H^  or 
Its  equal  HK,  and  consequently  the  angle  Hp'K  is  less  than 
RKp'  (19.1)  being  subtended  by  the  less  side.  But  HKI  is 
acute  (17.1)  because  IHKis  obtuse.  Much  more,  then,  is 
Hp'Kacuteand  its  adjacent  angle  H^'I  obtuse;  and  yet  more 
is  the  exterior  angle  (16.1)  H;»I  obtuse — which  is  oontraiy  to 
the  construction,  as  already  proved.  Therefore  P  does  not  fall 
within  IHK;  and,  similarly,  it  cannot  &11  in  IK,  as  at p'. 
Therefore  P  must  fall  outside,  and  make  the  angle  H  I P  greater 
than  HIK.    But  because,  by  -wVaxYiaaVwau  ahown,  D  fO  lesi 
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D I H,  or  the  angle  H I G,  is  greater  than  D  H  G  less  I H  G,  or 
the  angle  D H I,  or  its  equal  HIP,  by  construction,  the  angle 
H I G  is  greater  than  H IP,  and  much  more  greater  than  H I K. 
Therefore  the  line  0 1  produced  to  G  makes  H  G  greater  than 
H  K,  if  the  angles  of  C  D I  are  together  less  than  two  right 
angles — that  is,  equally,  makes  H  G  greater  than  H  E^  if  C I 
prrauoed  does  not  pass  through  K.  But  if  C I  produced  passes 
through  K,  then  is  H  G  by  supposition  not  greater  than  H  K, 
and  the  angles  of  C  D  I  accordingly  are  not  less  than  hut  (28  a.  I) 
equal  to  two  right  angles,  and  CI  meets  A  B. 

Join  I  A.  It  has  been  shown  that  if  C I  produced  meets  K, 
or  makes  with  I A  the  angle  AI E,  it  must  meet  A  B,  and  also 
that  if  it  does  not  meet  K  it  makes  with  I A  an  angle  I A  G 
within  I A  K,  and  therefore  much  more  must  it  meet  A  B.  There- 
fore C I  produced  must  meet  A  B,  whether  it  does  or  does 
not  pass  through  K — that  is,  it  must  meet  A  B.  And  the  same 
may  be  proved  on  the  other  side  of  A  C.  Therefore  C  R  is  the 
only  line  through  C  which  cannot  be  produced  to  meet  AB. 

Bemarks. 

laL  The  two  principal  propositions  of  the  foregoing  demon- 
stration are,  no  doubt,  too  difficult  for  beginners.  That  fact, 
however,  does  not  militate  against  the  propriety  and  importance 
of  supplving  to  the  more  advanced  student,  if  it  can  be  done, 
irrefragable  proof  of  what  he  may,  in  the  outset,  have  been 
obliged  to  take  for  granted. 

2cL  Again,  while  succinctness  and  simplicity  of  proof  are, 
in  themselves,  prime  qualities,  they  do  not  of  necessity  counter- 
balance the  advantage  of  a  system  like  Euclid's,  preeminent  in 
its  power  of  disciplining  the  mental  habits,  and  cultivating  a 
capacitv  of  accurate  and  penetrative  thinking.  Thus,  also, 
Legendre's  proposed  demonstration  that  the  three  angles  of  anv 
triangle  are  together  equal  to  two  right  angles — which  depends 
apon  the  construction  of  a  vanishing  series  of  triangles,  each 
equal  to  the  given  triangle  in  the  sum  of  its  angles — although 
of  more  than  average  difficulty,  was  not  on  that  account  refused 
by  its  author  a  place  in  due  order  among  his  elementary  proposi- 
tions; and,  though  unsatisfactory  in  its  concluding  inference, 
and  therefore  omitted  in  subsequent  editions,  it  will  ever  remain 
worthy  of  preservation  and  of  study  by  reason  of  the  beauty  and 
skill  of  its  conception  and  conduct. 

Sd.  It  is  quite  otherwise,  however,  with  the  so-called 
analytic  or  Junctional  proof  by  the  same  author,  which  has  been 
made  the  subject  of  earnest  controversy.  This,  it  is  familiarly 
known,  depended  upon  the  consideration  that  in  any  civen  tri- 
angle the  given  base  and  the  given  angles  at  the  base  aQt&t\iv\w^ 
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the  third  angle.  Therefore,  it  wu  argued,  thb  third  ingle  ii  i 
function  of  the  two  uagla  uid  the  aide — ^bnt  a  fianotun  into 
which  the  side  cannot  in  fact  enter,  beoanie  a  inie  aaanot  ealar 
into  the  oompodtion  of  an  angk, — on  whteb  aoooniit  tfaa  two 
angles  alone  determine  the  third — which  mot  alvB^a  ba  ^ 
flame,  therefore,  when  the  two  angles  are  tbs  man,  wfaatsnr 
the  side  may  be.  The  geometer  Letlie**  objeotion  to  tim,  Art 
the  same  reasoning  woiud  equally  prore  that,  two  adaa  Mng 
given,  the  third  side  would  be  determined  by  them  ai  a  ftuwtioa 
independent  of  the  inoluded  angle,  was  answered,  indeed,  but 
not  met^  becaaae  answered  onlj  oj  ideaa,  dwived  &om  an  ad* 
vanced  geometry,  iteelf  dependent  upon  the  nij  <* 
desired  to  be  proved.  But  there  it,  beaidea,  in  thtt  ir 
two-fold  asBumption  of  whiob,  apparently,  neither  ]  ^ 
nor  his  critics  were  awarei  In  toe  flnt  piaoe^  ii  ia  ti^ken  fa 
granted  that,  becauae  the  third  angle  in  the  aasDmed  (riaaria  ji 
a  certain  unknown  function  of  the  two  angka  at  ita  hj^^^^ 
because  in  any  other  triangle  having  the  name  angles  at  i 
the  third  angle  would  likewise  be  aoertainanknown  function  a 
those  angles,  therefore  both  IVinctions  muat  be  one  and  the  a 
for  both  triangles,  not  only  in  form  bat  likewiae  in  the  cx>nai 
entering  them.  And  a  second  gross  assumption  is  that  tlid 
angles  must,  with  their  containing  lines,  when  applied  to  bll^ 
greater  than  the  assumed  base,  be  cnpable  of  producing  a  triadM 
— in  other  words,  that  those  lines  muat  nieet  in  a  third  angitfl 
point,  whatever  the  bases,  beoanse  they  so  meet  with  the  aasuin 
base.  On  this  assumption  the  entire  doctrine  would  folliS 
apace  from  the  ordinary  rudiments  o(  geometry. 

4(A.  Mr.  T.  P.  Thompson,  the  author  before  alluded  to,  hd  _ 
himself  introduced  into  bis  above-mentioned  modification  of 
Euclid's  first  book  a  proposed  proof  of  the  doctrine  of  parallels. 
It  is  too  cumbrous  for  use,  even  were  it  valid  ;  for  it  is  a  aeries 
of  seven  intercalary  Propositions  and  five  Corollaries,  oovering 
sixteen  octavo  pagea  This  is,  however,  a  minor  objection — 
besides  that  it  might  be  obviated,  as  will  appear  further  od. 
The  grave  objection  lies  to  the  statement  under  this  author's 
Caption  xxviii  E,  p.  ti5,  in  the  words,  "  Let  then  a  straight  line 
W  X,  of  unlimited  length  both  ways,  travel  along  the  axis  from 
the  vertex  A  toward  Z,  till  it  cuts  the  axis  in  a  ;  and  it  has 
been  shown  (28 D,  1  Cor.)  that  during  such  travel  it  cannot  cease 
to  cut  the  series,  &c."  The  fatal  objection  is  that  W  X  is  so 
restricted  by  the  conditions  of  its  cutting  that,  although  ever 
approaching  the  point  M,  it  cannot  be  proved  capable  of  reach- 
ing it.  The  grounds  of  this  objection  will  bo  made  yet  more 
clear  in  the  recasting  of  Mr.  Thompson's  proof,  which  followa 
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Thomp$<m'»  Proof  troMformed  and  Amplified. 
Id  our  here  abbreviated  process,  Mr.  Tbompson's  chain  of 

Sroof  will  be  presented  unbroken  (and  in  some  parts  even 
/ortiorl)  but  in  propoaitionB  involving  altogether  not  one-third 
the  bulk  and  laoor  of  Mr.  Thompson's  own  method.  This 
statement  includes  our  antecedent  demonstration  (p.  S)  thatTio 
triangle  can  have  the  sum  of  its  angles  greater  than  two  right  angles ; 
but,  aside  from  thia,  the  proof  is  reduced  in  compnss  to  one-leoth. 
It  will  be  the  purport  of  this  our  trnnslbrmed  process — equally 
as  it  was  of  Mr.  Thompson's  process — to  show  that  no  triangle 
can  have  the  sum  of  Us  angles  less  than  two  right  angles. 

For — looking  back  to  the  figure  of  our  zxviii  a — if  ABC, 
right  angled  at  A,  is  supposed  to  be  such  a  triangle,  and  the 
quadrilateral  (or  tessera — so  called  bj  Thompson)  be  constructed 
as  before,  then,  since  the  angles  of  B  C  D  cannot  exceed  two 
right  angles,  the  four  angles  of  the  tessera  are  less  than  four 
right  angles,  and  the  equal  angles  A  C  D,  B  D  C,  are  each  leas 
than  a  right  angle.     Construct,  as  below,   Thompson's  figure 


nnder  his  Caption  xxviii  B — and  with  the  sarne^  designating 
letters — in  which  Q  M  P  ia  a  atraight  line  of  bases^on  which  the 
tesseras  AN,  B F,  kc,  on  one  side,  and  A  0,  C Q,  &c.,  on  the 
other,  are  constructed  and  continued  indefinitely,  nil  equal  and 
alike  in  every  respect,  and  having  their  anzles  opposite  their 
bases  each  less  than  a  right  angle.  The  angles  ABD,  CAB, 
Ac.,  are  each  less  than  two  right  angles,  wherefore  I£ADH 
is  a  polygon.  Join  B  C,  C  D,  D  E ;  then  A  B  C,  =  A  C  B,  must 
be  less  than  A  C  D,  =  B  D  C,  even  were  ABD  one  line,  and 
much  more,  as  easily  shown,  for  the  angle  at  B.  But  B  D  E,= 
C  E  D,  ia  greater  than  B  D  C,  and  much  more  than  A  C  B.  In 
like  manner  may  it  be  shown  by  joining  E  F,  F  G,  that  the  equal 
cusps EQF,  D  F G  are  greater  than  thecuaps  CED,  BDE.  In 
the  same  manner,  also,  if  A  Z  is  an  axis  perpendicular  to  B  C — 
and  easily  shown  to  be  normal  also  to  ED,  G  F — it  may  be  proved 
that  if  an  indefinite  line  W  X  moves  fVom  A  toward  Z,  keeping  at 
right  angles  to  the  axis,  it  ahall  make  the  cusps  formed  by  it  at  I 
and  H  greater  than  the  preceding  cusps  at  G  and  F,  and  so  on 
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indefinite! J.  Again,  the  pvpendioulfln  0  O,  'K  Q^  te»  mod  B  N» 
D  P,  ko,f  to  the  straight  line  Q  P,  oan  nerer  meet  eiidn  otlier  er 
the  axis,— <x)n8eqaentlj  the  casps  moat  eaohy  aa  BG-F|  DFG, 
be  less  than  the  angles  BGT,  DPS,  reapeotiyely  ftbafe  lay  than 
half  either  of  the  eqaal  anfflea  of  the  equiangular  and  eqoilalenl 
polygon  IGECABDPH,&a);  for,  if  otherwise,  OF  voold 
De  one  and  the  same  straight  line  whioh  cats  anotlier  atrughl 
line  T  S  in  two  points  T  and  S,  or  beyond  them. 

Again,  let  W^  cut  the  axis  at  any  intermediate  poaitkw,  as 
Y,  within  the  tessera  B  D  F  O.  It  cannot  cat  the  line  BD 
or  O  F,  since  all  three  are  normal  to  A  Z.  Therefore  itcata  the 
sides  E  G,  D  F,  of  that  tessera  in  Y,  U,  making  angtea  or 


y  UD,  UYE,  which  cannot  be  less  than  BGF  DFG,  respeotiTely, 
because,  if  so,  the  four  angles  of  the  tessera  £  F  moat  exceed  fear 
right  angles.    Therefore  the  cusps  formed  at  Y  and  U  are  each 

S eater  than  a  given  angle  AC  &  And  beoaoae  TG  F  is  ksi 
an  a  right  an^le,  T  G  W'  is  greater,  and  the  half  angle  TGI  of 
the  polygon  will  l)e  within  it, — so  that  WX,  after  pasMge 
through  any  tessera,  as  E  T,  of  the  entire  series,  may  enter  and 
trayerse  another,  as  I T,  and  cat  the  polygon  in  the  aklaa  G  I, 
F  H.  Therefore  W  X,  as  it  approaches  to  Q  P,  oan  noTer  cease 
to  cut  the  polygon  (and  at  an  angle  which  can  be  ahown,  as 
above,  to  be  greater  than  a  given  angle).  Let  it  more  on  at  ri^ht 
angles  to  the  axis  till  it  reaches  M.  It  will  then  coincide  with 
the  straight  line  of  bases  QP,  which  therefore  will  somewhere 
cut  the  polygon.  That  is,  the  base  of  some  one  of  the  tesseras 
will  cut  its  side  opposite  the  base — which  is  impossible ;  ccm- 
aeouently  the  original  supposition  is  also  impoasible. 

This  exhibits  with  fidelity  Mr.  Thompson's  complete  pro* 
cess, — only  excluding  his  supposition  that  the  cusps  may  at 
length  come  to  equal  or  exceed  half  the  constant  angle  of  the 
polygonal  series  by  proving  such  supposition  itself  to  be  impos^ 
sible.  The  exceptional  point,  as  already  remarked,  is  the  last 
step  of  the  process — that  of  W  X  moving  forward  to  coincide 
with  M.  Indeed,  beginning  back  of  that  step,  and  at  the  close 
of  the  one  preceding  it,  the  really  legitimate  conclusion  would  be 
deduced  as  follows :  '^  But  W  A  cannot  actua^  reach  M  during 
this  consecutive  intersection  of  the  tesseras.  For  suppose  it  to 
advance  to  M  while  cutting  the  polygonal  series,  as  in  I,  H; 
then  I M,  which  makes  the  angle  I M  Q,  must  also  make  an 
equal  vertical  angle  (151^  on  the  opposite  side  of  Q  P,  instead 
of  H  M  P  on  the  same  Hiae, — which  last  is  impossible." 

It  would,  no  doubt,  be  urged  by  our  author  that  if  WX 

cuts  the  polygon  when  in  the  position  Y,  but  ceases  to  cut  in 

the  position  M,  it  could  not  but  be  that  the  cuttinflf  had  oeased 

or  was  disrupted  at  some  definite  position  of  WX  between 

the  two — which,  however,  Yi^jA  \>eeiv  ^xoiN^i  xm^^oaaible  at  any 
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definite  tesserai — ^aad  especially  that  no  sach  disruption  is  sup- 
posable  between  lines  that  never  cease  to  cross  one  another  at 
an  appreciable  ancle.  The  infirmity  of  all  this,  however,  is 
sufficiently  exposed  by  the  inquiry  how  it  appears  that  W  X 
will  not  have  traversed  and  cut  the  polygonal  series  throughoui 
its  utmost  capacity  of  extension,  while  yet  at  a  limiting  position 
short  of  M,— even  as  C  O  (referring  back  to  the  figure  under  our 
Caption  xxviii  b)  will  have  traversed  and  cut  A  B  throughout 
its  utmost  capacity  of  extension  when  it  has  reached  the 
limit  C  R 

This  new  exemplification,  supplied  by  our  author's  own  labors, 
and  supplementing  his  own  history  of  fruitless  attempts  multi- 
plied on  this  subject,  in  spite  of  failures  in  the  past,  only  affords 
new  evidence  how  amply  any  approved  demonstration,  now  or 
hereafter,  of  the  doctrme  of  parallels  will  be  recognized  and 
esteemed  as  having  accomplished  a  scientific  desideratum. 


Notice  of  some  Remarkable  Fossil  Mammals;  by  O.  C.  Marsh. 

The  Museum  of  Yale  College  has  recently  received  the 
remains  of  several  fossil    mammals,  new  to  science  and   of 
tt  interest     One  of  these,  which  is  represented  by  the  entire 

:ull  and  portions  of  the  skeleton,  is  nearly  related  to  Tinoceras, 
noticed  on  the  preceding  pages  (822  and  328)  and,  like  the  ani- 
mals of  that  genus,  has  the  vertebrae  and  limb  bones  very  sim- 
ilar to  those  of  the  recent  proboscidians.  The  skull,  however, 
presents  a  most  remarkable  combination  of  characters.  It  is 
wedge  shaped,  elongated,  and  quite  narrow,  especialljr  in  front ; 
and  was  armed  witn  horns,  and  huge  decurved  canine  tusk& 
The  top  of  the  skull,  moreover,  is  deeply  concave,  and  has 
around  its  lateral  and  posterior  margins  an  enormous  crest  On 
the  frontal  bones,  above  the  orbits,  and  in  advance  of  the  lateral 
crest,  there  is  a  pair  of  small,  compressed,  osseous  elevations, 
which  probably  supported  a  pair  of  horns.  The  maxillaries 
have  a  pair  of  very  large  horn  cores,  just  behind  and  above  the 
canines.  These  are  directed  upward  and  outward,  and  their 
summits  are  obtuse,  and  nearly  round.  They  are  solid,  except 
at  the  base,  which  is  perforated  by  the  upper  extremity  of  the 
canine.  Near  the  anterior  margin  of  the  nasals  there  is  still 
another  pair  of  horn  cores,  which  are  near  together,  and  have 
obliquely  compressed  summits.  The  nasal  opening  was  small. 
The  premaxillaries  are  slender,  and  without  teeth. 

The  upper  canines  are  greatly  elongated,  slightly  curved,  and 
comprefiRsed  longitudinally.  The  lower  portion  is  thin  and 
trenchant  Behind  the  canine  is  a  long  diastema^  followed  by 
a  series  of  six  small  teeth.     The  tnolara  Yiave  \Jtve\t  e^to^TJfi.  ^!«av.- 
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posed  of  two  transTerse  ridges,  aepanttod  exterool^^ 

ing  at  the  inner  extremities.  i 

The  skull  measures  about  28'6  inches  (722'*°"').  in  leogtlu 
8-5  inches  (202.™°'),  in  width  over  the  orbits:  fi-76  tDiM 
(IttS"*')  between  the  aummite  of  the  maxiUarybomcorea;  anf 
2-5  (88-™°-)  between  the  tops  of  the  nssal  cores.  The  maxilM 
bom  cores  are  about  S  inches,  or  75™**  'u>  height  The  ca^oofi 
ia  9-25  inches  (232-"™-)  in  length  below  the  jaw.  64-'™-,  in  Ion! 
gitudinal  diameter  at  base,  25**"-  in  trausver^  diameter.  TM 
molar  teeth  occupy  a  space  of  150-  ""■,  and  the  last  upper  moba 
has  an  antero-posterior  diameter  of  86''**.  The  species  tnay  bp 
be  called  Dinocema  mirainiia.  The  present  animal  was  oeidf 
as  large  as  an  elephant  The  remains  now  known  are  from  tt 
Eocene  of  Wyoming.  4 

Another  species  is  indicated  by  portions  of  a  skull  with  lee^ 
and  some  other  fragmentary  remains.  This  specimen  diffi^ 
essentially  from  Dinoceras  mirabilit,  in  the  upper  molar  teetfl 
the  last  of  the  series  being  proportionally  much  larger  than  1$ 
corresponding  tooth  in  that  species,  and  having,  moreover,!^ 
broad  floor  extending  backward  between  the  posterior  creet  ad 
the  basal  ridge  The  length  of  the  upper  molar  series  of  bEk 
teeth  is  163'°"°-,  the  last  tme  molar  being 45* ""*  in  antero-pot- 
terior  diameter,  and  also  in  transverse  diameter.  This  specio, 
equalled  D.  mirabilis  in  size,  and  may  be  called  Dinoeenu  laeut- 
tris.     The  remains  are  also  from  the  Eocene  of  Wyoming. 

The  species  of  Dinoceras,  and  those  of  Tinoctras,  repment  a 
distinct  order  which  may  be  called  Dinocrrea.  A  fall  dcBClip- 
tion  of  these  interesting  mammals  will  be  given  at  an  early  dij. 


Notice  of  a  New  and  Remarkable  Fossil  Bird;  b y  O.  G  1 

One  of  the  most  interesting  of  recent  discoveries  in  PaleoBr 
tology  is  the  skeleton  of  a  fossil  bird,  found,  during  the  put 
summer,  in  the  upper  Cretaceous  shale  qf  Kansas,  by  ciaL 
B.  F.  Mudge,  who  has  kindly  sent  the  epecimen  to  me  tat 
examination.  The  remains  indicate  an  aquatic  bird,  abontu 
large  as  a  pigeon,  and  differing  widely  from  all  known  biidi, 
in  having  biconcave  verlebrce.  The  cervical,  doisal,  and  c^ndal 
vertebroi  preserved  all  show  this  character,  the  ends  of  the 
centra  resembling  those  in  Pleaiosaurus.  The  rest  of  the 
skeleton  presents  no  marked  deviation  from  the  ordinary  avian 
type.  Tlie  wings  were  large  in  proportion  to  the  poBterior 
extremities.  The  humerus  is  68-6"°-  in  length,  and  haa  die 
radial  crest  strongly  developed.  The  femur  is  small,  and  hu 
the  proximal  end  compressed  transversely.  The  tibia  ia  alender, 
and  44-5°""-  long.  Its  distal  end  is  incurved,  as  in  awimoiilig 
hMs,  but  has  no  aupratendinal  bridg&    This  species  may  M 

^   called  IcliHujornia  diapar.      A.  mote  cota^^w,  ^w<^re^vJa  wfll 

■  appear  in  nn  (;:irlv  nniuWr  o?  \\\w  Jownm. 
Yale  CoUege,  Sept.  26th,  IBTl. 
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Art.  XL. — A  Theory  of  the  Formation  of  the  great  Features  of 
the  Earth's  Surface;  by  Joseph  LeConte,  Prof.  GeoL  and 
Nat  Hist,  University  of  California. 

The  connection  between  the  formation  of  continents  and 
mountain  chains  on  the  one  hand,  and  the  phenomena  of  vol- 
canoes and  earthquakes  on  the  other,  is  so  evident  and  close, 
that  this  paper  might,  very  appropriately,  have  been  entitled 
"A  general  theory  of  igneous  agencies."  The  general  and 
first  eflfect  of  igneous  agency  is,  evidently,  the  formation  of 
continents,  sea  bottoms  and  mountain  chains.  Volcanoes  and 
earthquakes  are  secondary  phenomena — they  are  but  occa- 
sional accidents  attending  the  slow  march  of  these  grander  effects. 

According  to  Humboldt,  all  the  effects  grouped  under  the 
general  head  of  igneous  agency  are  the  result  of  "  t^  reaxition 
of  the  interior  on  the  crust  of  the  earth,''  This  formula,  although 
fer  too  vague  and  general  to  deserve  the  name  of  a  theory, 
must,  we  believe,  form  the  point  of  departure  of  every  true 
theory.  But  in  departing  from  this  vague  formula,  only  the 
most  confused  and  contradictory  notions  seem  to  prevail 
amongst  geologists.  We  have  therefore  thought  that,  on  a  sub- 
ject of  such  vital  importance,  lying  as  it  does  at  the  very  found- 
ation of  theoretic  geology,  any  light,  or  even  anv  more  defl- 
nite  statement  than  now  exists,  might  be  considered  timely. 
I  have,  for  many  years,  thought  much  on  the  subject,  and 
striven  to  emerge  from  the  chaos  which  now  exists  into  some- 
thing like  clearness  of  conception.  I  here  present,  with  some 
hesitation,  the  results,  hoping  that  they  may  serve,  at  least,  as 
hints  in  the  right  direction. 
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The  usual  idea  in  regard  to  the  jgeneral  oonstitatkm  of  fte 
earth  is,  that  it  is  even  now  essentially  a  liquid,  inoandeneat 
mass ;  the  fiery  liquid  being  separated  from  our  fbet  only  by  a 
oomparativelj  thin  shell  of  solid  matter.  This  solid  diell|  bemg 
lighter  than  the  subjacent  liquid,  may  be  renrded  omfioaAng 
upon  t^  and  sustained  by  it  Vertical  upheayal  or  subsicienGe  of 
the  solid  shell  is  supposed  to  produce  oontinentB  and  mountaui 
chains  on  the  one  hand,  or  sea-bottoms  on  the  other.  Or  ebe 
(as  perhaps  many  would  prefer),  the  contraction  of  Ab  liquid 
interior  bein^  greater  than  that  of  the  solid  crust,  causes  the  li^ 
to  wrinkle,  l  e.,  to  bend  into  alternate  convex  andeoneave  oreAes, 
which  form  respectively  the  continents  and  searbottom&  The 
comparative  thinness  of  the  solid  crust  (only  26-^  miles  accord- 
ing to  these  theorists)  is  supposed  to  make  the  process  easy  and 
the  view  plausible.  On  the  contrary,  it  seems  to  us  that  this 
very  supposed  thinness  of  the  solid  crust  renders  the  formation 
of  continents  and  sea-bottoms  impossiUfi,  except  under  veiy 
peculiar  conditions.  These  conditions  we  now  proceed  to  point 
out 

Continents  and  searbottoms. — If  we  r^^ard  the  earth  as  consist- 
ing of  a  solid  crust  sustained  as  a  floatmg  body  upon  a  liquid, 
the  least  reflection  suffices  to  convince  us  that  the  greater  inequali- 
ties of  the  surface  cannot  be  produced  by  altemaie  convex  at»d  con- 
cave bendings  of  the  crust  like  those  shown  in  fig.  1,  in  which  a 


is  the  continental  and  b  the  oceanic  crust,  and  U  the  sea  level 
-No  such  arch  as  that  producing  a  continent  8000  to  6000  miles 
across  could  sustain  itself  for  a  single  moment :  no ;  not  if  the 
•crust  were  100  or  even  several  hundred  miles  thick.  Still  less 
would  it  be  possible  that  the  inverse  arch,  or  concavity  of 
•ocean  bottoms  b  (which  in  the  case  of  the  Pacific  is  10,000  miles 
across),  should  sustain  itself.  The  arch  a  would  break  down 
and  the  arch  6,  up,  and  the  position  of  equilibrium  U  would  be 
assumed.  So  great  is  this  force  tending  to  the  general  form  of 
equilibrium  that,  as  shown  by  Thomson's  reasoning 'referred  to 
ferther  on,  even  if  the  earth  as  a  whole  were  as  ri^d  as  a  solid 
globe  of  glass,  it  could  not  resist  it*  The  irresistible  and  only 
conclusion,  therefore,  is  that  continents  and  sea-bottoms  cannot 
be  simple  bendings  or  arches  of  a  solid  crust  If  there  be 
indeed  a  solid  crust  on  a  liquid  interior,  in  order  to  sustain 
itself,  the  inequalities  of  the  upper  surface  in  contact  with  the 
air  must  be  repeated  on  the  lower  surface  in  contact  with  the  liquid 

♦  Phil.  Trana.,  May,  1861. 
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nterior.  The  accompanying  diagram  (fig.  2)  is  an  ideal  repre- 
^ntation  of  what  must  be  the  general  character  of  the  crust  on 
this  view.  As  before,  a  is  the  continental  and  b  the  oceanic 
3rust.  For  simplicity's  sake,  in  all  these  diagrams,  the  crust  is 
represented  as  spread  out  on  a  plane.  If  we  admit  that  the 
general  constitution  of  the  earth  is  that  of  a  solid  crust  cover- 

2. 


ing  a  liquid  interior,  I  cannot  see  how  the  above  conclusion 
can  be  avoided. 

Assuming  then  a  general  constitution  of  the  solid  crust  like 
that  represented  in  fig.  2,  let  us  see  how,  on  this  theory,  these 
iaequanties  might  be  formed.  To  form  these,  three  conditions 
seem  to  be  necessary.  1.  The  crust  must  be  lighter  than  the 
interior  liquid,  i  e.,  it  must  be  a  floating  boay.  We  have 
assumed  this  all  along,  for  there  could  not  be  a  crust  otherwise. 
2.  The  material  of  the  crust  must  expand  in  solidifying^  i.  e.,  in 
becoming  crust  8.  Some  portions  of  the  crust  must  cool  and 
thicken  faster  than  others ;  these  more  rapidly  thickening  por- 
tions becoming  the  continents.  Under  these  three  conditions 
we  may  account  for  continents  and  sea-bottoms  as  followa 

Suppose  a  liquid  earth  consisting  of  heterogeneous  materials, 
covered  with  a  thin  crust  of  solid  matter,  cooling  and  the  crust 
thickening  everywhere  by  additions  to  its  lower  surface.  Evi- 
dently the  more  conductive  portions  would  cool  and  thicken 
fiister  than  the  less  conductive  portions.  Thus  the  inequalities 
would  commence  on  the  lower  sur&ce,  as  in  fig.  8.     But  such 


3. 


a  condition  of  things  could  not  continue  and  increase :  for  if 
these  areas  of  thicker  and  thinner  crust  be  large,  by  the  law  of 
floatation  the  thicker  parts  a  a  must  rise  and  the  thinner  por- 
tions b  sink  until  equilibrium  is  established,  and  the  condition 
of  things  represents  by  fig.  2  is  assumed.  A  continuation  of 
the  same  process,  viz :  the  more  rapid  thickening  of  the  conti- 
nental portions  a  a,  would  cause  these  to  rise  higher  and  higher, 
and  the  ocean  bottoms  to  sink  deeper  and  deeper. 

Thus,  then,  by  this  view,  the  formation  of  continents  and  sea- 
bottoms,  and  the  increase  in  height  and  size  of  the  former,  and 
in  depth  of  the  latter,  is  due  to  the  unequal  thickening  of  a  float- 
ing  crust  by  unequal  cooling. 

Mountain  chains, — If  mountain  chains  were  only  narrow 
wrinkhs  on  the  earth*8  surface,  we  might  suppose  it  possible 
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that  they  could  sustain  themselves  as  arches.  But  when  we 
remember  that  they  are  in  fact  great  plateaus  or  bulges  a  hun- 
dred or  even  a  thousand  miles  wide,  it  seems  impossible  to 
avoid  the  conclusion  that  they  too,  if  they  rest  on  a  liquid 
mass  beneath,  must  be  sustained  by  a  similar  bulge  an  the  lower 
surface  of  the  solid  crust     The  accompanying  diagram  (  fig  4) 


is  an  ideal  section  of  the  crust  on  this  view,  a  a  being,  as  before, 
the  continents,  ^  the  sea  bottom,  and  m  m  mountain  chains. 
Of  course  in  all  the  figures  the  thickness  of  the  crusty  is  enor- 
mously exaggerated. 

The  condition  of  the  solid  crust  represented  by  figs.  2  and  4, 
viz.,  the  existence  of  inequalities  on  the  lower  surface  corres- 
ponding to  the  great  inequalities  of  the  upper  surface,  is,  we 
Dclieve,  a  demonstrably  necessair  consequence  of  the  interior 
fluidity  theory :  there  may  be  diflFerence  of  opinion  as  to  the 
cause  of  this  condition,  but  there  can  be  none  as  to  the  condition 
itself,  if  we  admit  the  interior  liquid. 

We  have  given  above  what  seemed  on  this  theory  the  most 
probable  cause  of  ine(jualities  of  crust  thickness,  viz :  unequal 
surface  cooling ;  but  m  order  to  state  the  interior-fluidity  the- 
ory fairly,  we  will  give  another  possible  cause.  In  the  gradual 
cooling  of  the  earth,  if  the  interior  liquid  should  cool  and  con- 
tract faster  than  the  solid  shell  (as  it  probably  would),  then  the 
latter  would  be  subjected  to  powerful  horizontal  thrust,  to 
which  it  must  eventually  yiela,  and  by  which  it  would  be 
thrown  into  wrinkles ;  noty  however,  by  bending  up  and  down^  as 
is  usually  supposed  (for  this  we  have  already  shown  is  impossi- 
ble), but  by  crushing  together  and  thickening  in  some  places  more 
than  others.  By  this  view  continents  and  mountain  chains  and 
sea-bottoms  are  due  to  unequal  thickening  of  the  solid  crust,  not  by 
unequal  cooling,  as  before  supposed,  but  by  unequal  crushing 
togetlier  by  lateral  pressure.  This  mode  of  viewing  has  the  great 
advantage  of  accounting  for  the  foldings  of  strata  so  common  in 
mountain  chains.  But  on  the  other  hand,  it  is  difficult,  nay 
impossible,  to  understand  why,  on  this  view,  the  thicker  conti- 
nental crust  (made  thicker  by  yielding),  should  continue  to 
yield,  rather  than  the  thinner  oceanic  crust  In  other  words, 
it  is  impossible,  on  this  view,  to  account  for  the  undoubted  gen- 
eral tendency  of  igneous  agency  to  gradually  and  constantly 
increase  the  greater  inequalities.  Their  tendency  ought  to  be 
rather  to  destroy  them  as  fast  as  formed,  by  the  yielding  and 
therefore  thickening  of  the  thinner  portions,  viz :  the  oceanic 
crust.     This  difficulty  seems  to  be  fatal. 
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he  theory  above  presented,  viz :  the  fonnation  of  continents 
sea-bottoms  by  une(]^ual  thickening  of  a  floating  crust,  by 
jual  cooling,  may,  with  skillful  modification  and  by  adding 
othesis  to  hypothesis,  be  made  to  account  for  most  of  the 
Domena  of  igneous  agency  in  a  somewhat  satisfactory  man- 
In  1859,  at  the  Springfield  meeting  of  the  American  Sci- 
fic  Association,  I  brought  forward  in  some  detail  a  theory 
ihis  kind.  I  soon  became  dissatisfied  with  it,  however,  as 
hypothetical,  and  therefore  never  printed  it  An  abstract 
t,  however,  I  believe,  appeared  in  the  Canadian  Naturalist 
seauent  reflection  has  induced  me  not  only  to  reject  it,  but 
ouot  more  and  more  the  very  basis  iipon  which  it  rests, 

the  interior  liquidity  of  the  earth.  To  all  theories  based 
n  the  assumption  of  a  liquid  interior  and  a  floating  crust, 
e  are  the  following  insuperable  objections : 

One  of  the  necessary  conditions  of  the  formation  of  conti- 
ts,  &c.,  by  unequal  thickening  due  to  uneaual  cooling,  is  a 
tening  of  the  material  in  the  act  of  soliaitication.  Now 
lite  and  other  igneoiis  rocks  do  not  expand  in  the  act  of 
lifying,  but  on  the  contrary,  according  to  the  experiments 
Jischof,  notably  contract 

The  solid  shell  of  the  earth,  if  there  be  any  such,  may  be 
ired  to  be  much  thicker  than  is  usually  supposed  by  geolo- 
3  of  the  interior-fluidity  school  The  principal  argument 
the  liquidity  of  the  earth  beneath  a  comparatively  thin  shell 
ased  upon  the  increasing  temperature  of  the  earth  as  we  go 
nward  into  the  interior.  "  The  rate  of  1°  for  every  50  feet 
lescent  would  give  3000°,  the  fusing  point  of  iron,  at  a 
th  of  28  miles."  At  this  temperature  nearly  all  rocks 
lid  melt  in  our  furnaces:  theretore  many  hastily  assume 

the  solid  crust  cannot  be  thicker  than  this.  But  all  the 
ulations  as  to  the  thickness  of  the  solid  shell,  based  upon 
rate  of  increasing  interior  temperature,  neglect  two  impor- 
I  elements  of  the  calculation,  viz :  the  increasing  conductivity 
he  earth  as  we  descend,  which  would  diminish  the  rate  of 
easing  temperature,  and  the  increasing  pressure^  which  would 
ate  the  fusing  point  I  have  been  accustomed  for  many 
rs  to  illustrate  the  effect  of  these  two  distinct  causes  as  fol- 
s: 
(Ct  s  s  (fig.  5)  be  the  surface  of  the  earth,  and  A  B  depth  along 

radius.  Taking  a  B  as  an  abciss,  let  the  increasing  heat 
represented  by  ordinates.  Now,  if  the  density  and  con- 
tivity  of  the  earth  were  constant,  then  the  heat  would 
«ase  at  uniform  rate,  and  would  therefore  be  correctly 
•esented  by  the  straight  line  c  i).  At  the  rate  of  1°  for 
ry  50  feet  we  would  reach  the  heat  ordinate  tto^  3000°  and 

melting  point  of  rocks  at  the  depth  of  28  miles.      But 
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dnoe  the  density  of  the- earth  inoreaaes  toward  the  center,  it  is 
almost  certain  that  the  conductivity  indeaaes  alaa  The  effiwt 
of  this  woald  be  to  diminish  the  rate  of  in-  . 

creasing  temperature,  which  would  there- 
fore be  correctly  represented  by  a  curved 
Une  G  E,  and  not  the  straight  line  0  0. 
Under  these  conditions  the  ordinate  of 
8000^  on  the  curved  line  would  not  be 
reached  at  28  miles,  but  at  some  point  t 
fieirther  down,  say  40  miles  from  surboa 
But  having  finally  reached  the  temperature 
of  8000^,  which  we  assume  as  the  fusiiu; 

Eoint  of  rocks  in  our  furnaces,  we  woulc^ 
y  no  means,  find  the  rocks  in  a  state  of 
fusion ;  for  the  enormous  pressure  of  40 
miles  of  rock  would  undoubtedly  very 
ffreatly  elevate  the  fusing  point  Mow  much  we  know  not; 
but  let  us  suppose  to  8600^  To  find  the  ordinate  of  8600*"  on 
the  curve,  we  must  go  still  deeper  to  some  point  t\  perhaps  80 
or  more  miles  from  the  surface.  But  here  affain  we  would  fiul 
to  reach  the  lower  limit  of  the  solid  crust,  because  the  fusing 
point  is  again  elevated  above  8500**  by  the  still  greater  pressure. 
And  thus  the  fusing  point  flies  before  the  increasing  tempera- 
ture ;  and  where  in  this  chase  the  former  would  overtake  the 
latter,  or  whether  it  would  ever  overtake  it  at  ally  would  depend 
on  the  rate  of  increase  in  the  two  cases.  We  have  not  at 
present  the  data  to  determine  these. 

The  conclusion  from  this  reasoning  is,  that  the  crust  is  cer- 
tainly much  thicker  than  is  usually  supposed ;  so  thick,  indeed, 
that  the  focus  of  volcanoes  and  earthquakes  must  be  wiAin  its 
thickness;  and  it  even  becomes  doubtful  whether  there  be  any 
general  fluid  interior  at  alL 

c.  This  doubt  is  entirely  confirmed,  according  to  the  best 
physicists  and  mathematicians,  by  the  effect  of  the  sun  and 
moon  on  the  earth  in  producing  precession  and  nuiaiionj  and  in 
producing  tides.  In  all  these  phenomena  the  earth,  even  under 
the  most  powerful  distorting  forces,  behaves  like  a  perfectly  rigid 
solid,  and  not  at  all  like  a  liquid  or  a  partly  liquid  body.  The 
reasoning  of  Hopkins,  based  upon  the  amount  of  precession 
and  nutation,  and  his  conclusion  that  the  solid  shell  of  the 
earth  cannot  be  less  than  1000  miles  thick,  is  well  known.  By 
the  majority  of  physicists  and  mathematicians  it  is  regarded  as 
sound.  Nevertheless,  doubts  have  been  thrown  upon  it  by 
men  of  high  ability.  But  Thomson^s  argument,  drawn  fipom 
the  behavior  of  the  earth  under  the  tide-generating  influences 
of  the  sun  and  moon,  is  as  yet  untouched.  It  seems  to  be 
impregnable.    The  result  of  Thomson's  reasoning  is,  that  the 
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earth  as  a  whole  is  certainly  more  rigid  than  a  globe  of  solid  glass, 
and  probably  more  rigid  than  a  solid  globe  oj  steeL*  We  have 
already  shown  how  fetally  this  extreme  rigidity  operates  on 
any  theory  which  attributes  the  inequalities  of  the  earth^s  sur- 
ikce  to  bendings  of  a  solid  crust 

d  Very  recently  my  attention  has  been  directed  by  my 
brother,  Prof  John  LeConte,  to  another  fact  bearing  strongly 
in  the  same  direction,  viz:  the  form  of  the  equatorial  section  of 
the  earth.  If  the  earth  were  an  exact  spheroid  of  revolution, 
of  course  the  mean  surface  of  the  equatorial  section  would  be 
a  perfect  circle.  Such,  however,  is  not  the  case ;  the  equatorial 
section  is  an  ellipse  whose  major  axis  is  about  two  miles  longer 
than  the  minor  axis.  This,  be  it  observed,  is  the  form  of  the 
equilibrium  surface  or  water-level ;  it  therefore  can  be  produced 
only  by  unequal  distribution  of  matter,  L  e.,  irregular  density  of 
the  interior.  Such  irregular  distribution  of  dense  matter  is 
easy  enough  to  understand  in  a  solid  earth  ;  for  it  would  be  the 
natural  result  of  unequal  cooling,  and  therefore  unequal  con- 
densation, after  the  earth  solidified.  But  it  is  difficult  to  under- 
stand how  such  irregular  distribution  of  density  could  origin- 
ate or  how  it  could  be  maintained  in  a  liquid.  Humboldtf 
attributes  it  to  secular  currents  in  the  interior  liquid,  by  which 
denser  miettter  is  slowly  transferred  from  one  part  to  another. 
To  say  the  least,  this  is  a  violent  hypothesis,  and  I  think  would 
never  have  been  thought  of  unless  the  interior  liquidity  of  the 
earth  was  considered  certain.  Without  insisting  too  far  on 
this  objection  to  the  interior  liquid,  I  think  I  am  justified  in 
saying  that,  on  the  assumption  of  a  liquid  earth,  it  is  difficult 
to  see  why  the  interior  density  should  not  be  perfectly  symmet- 
rically disposed,  while  on  the  assumption  of  a  solid  earth  still 
cooling,  the  unsymmetrical  disposition  of  density  is  almost  a 
necessity. 

There  is,  as  &r  as  we  know,  but  one  argument  of  a  general 
nature,  which  has  recentlv  been  brought  forward  in  favor  of 
the  interior  liquidity  of  the  earth,  viz :  the  three  laws  of  earth- 
quake occurrence  rendered  probable  by  Alexis  Perry.  The 
laws  are  as  follows : 

1.  Earthquakes  are  more  frequent  when  the  moon  is  on  the 
meridian  than  when  she  is  on  the  horizon:  2.  They  are  a  little 
more  frequent  at  the  syzygies  than  at  the  quadratures :  3.  They 
are  a  little  more  frequent  when  the  moon  is  in  perigee  than 
when  she  is  in  apogee.  If  these  laws  are  true,  then  it  is  evi- 
dent that  there  is  a  slight  tendency  for  earthquake  occurrence 
to  follow  the  law  of  tuJes.     Many  geologists  seem  to  think  that 

*  Phil  Trann.,  Maj,  1862.    Thomson  k  Tail,  Nat  PluL,  p.  689. 
f  Cosmos,  vol  It,  p.  19,  Sabine's  edition. 
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this,  if  established,  is  condiudye  of  the  exurtttioe  of  an  interior 
liquid  in  which  tides  are  generated.  .  On  the  oontniT,  it  seems 
to  us  that,  on  the  supposition  of  such  an  interior  fiqnid,  die 
effect  of  lunation  on  earthaoakes  and  other  iffneooa  phaiom- 
ena  ou^ht  to  be  far  more  aecided  than  it  is.  The  wery  sli^ 
effect  ODserved  is,  however,  precisely  what  we  would  enect  in 
a  substantially  solid  earth,  it  is  evident  that  in  a  solid  earth, 
any^  force,  whatever  be  its  nature,  tending  to  lift  and  break  up 
the  surface,  would  be  asMted  bu  Ae  moon  on  Ae  meridian  and 
repressed  by  the  moon  on  Ae  horuson ;  and  that  liiese  effects 
would  be  most  marked  at  the  syzvgies  and  at  perigea  Sup- 
pose then  any  foix^e  tending  to  elevate  and  break  ud  anypor 
tdon  of  the  earth's  surface,  but  resisted  b^  the  weijuit  and  the 
cohesion  of  the  superincumbent  strata ;  is  it  not  evident  that  if 
these  opposite  forces  were  nearly  balanoedf  the  small  liftii^ 
force  produced  by  the  moon  in  passing  over  might  torn  the 
scale  in  &vor  of  the  upward  force,  and  thus  determine  the  rap- 
ture of  the  strata,  and  therefore  the  oocurrenoe  of  an  earta- 
quake  ? 

The  foregoing  objections  have  induced  many  of  the  best 
geologists  to  believe  that  the  earth  is  either  solid  or  else  that 
the  solid  crust  is  so  thick  that  all  igneous  phenomena  have  their 
origin  within  the  limits  of  that  crust :  and  that  therefore  the 
earth  may  be  regarded  as  substantially  solid.  The  liquid  fac- 
tions of  volcanoes,  according  to  this  view,  must  be  regarded,  as 
having  their  origin  in  local  accumulations  of  liquid  matter 
which  have  no  connection  with  a  general  fluid  interior. ,  I  con- 
fess, my  own  sympathies  are  entirely  with  this  modem  school 
of  geology.  It  seems  to  me  that  while  much  of  the  prestige  of 
great  names,  such  as  Humboldt,  Yon  Buch,  Eiie  de  JBeaumont 
&;c.,  are  on  one  side,  most  of  the  substantial  argument  is  on  the 
other.  I  feel  convinced  that  the  whole  theory  of  igneous  agen- 
cies— which  is  little  less  than  Ae  whole  foundation  of  Aeoretic 
geology — must  be  reconstructed  on  the  basis  of  a  solid  earth.  What 
follows  is  an  attempt  in  this  direction. 

1.   Continents  and  Sea-bottoms. 

Suppose  a  solid  earth  of  oblate  spheroid  form  and  even  sur- 
face, covered  with  a  universal  ocean  and  cooling  bv  radiation. 
If  tbe  material  were  homogeneous  and  therefore  oi  equal  con- 
ductivity along  every  radius,  then  the  cooling  and  the  conse- 
quent contraction  along  each  radius  would  be  equal,  and. 
so  far  as  this  cause  is  concerned,  the  earth,  though  becoming 
smaller,  would  maintain  its  symmetry  of  form  and  its  universal 
ocean.  But  such  homogeneousness  could  not  be  expected,  nor 
does  it  exist     In  a  heterogeneous  earth  thus  cooling,  areas  of 
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greater  conductivity  would  cool  more  rapidly  and  therefore  con- 
tract more  rapidly  in  a  radial  direction.     These  more  conductive 

areas,  with  shorter  radii  a  c,  a  c  (fig. 
6),  would  form  the  sea-bottoms,  while 
the  less  conductive  and  therefore 
the  less  radially  contracted  portions 
B  B  would  become  land  surlaces. 
The  accumulation  of  water  on  the 
shorter  or  more  contracted  radii 
would  not  check  the  process;  for 
although  water  is  a  baa  conductor, 
yet  it  conveys  heat  from  bottom  to 
surface  by  convection  with  great  ra- 
pidity, and  therefore  the  process  of 
cooling  through  a  stratum  of  water 
would  go  on  far  more  rapidly  than  through  a  stratum  of  any 
rocky  material  The  same  process  therefore  continuing,  would 
tend  constantly  to  increase  the  inequalities  thus  commenced. 
In  other  words,  the  sea-bottoms  would  sink  and  the  continents 
increase  in  size  and  height  With  many  oscillations  difficult 
or  impossible  at  present  to  account  for  such  has,  on  the 
whole,  been  the  progress  of  change  during  the  whole  geologi- 
cal history  of  the  earth. 

The  law  of  fluid  equilibrium  requires  that  in  the  pre-existing 
fluid  condition,  and  tnerefore  also  when  the  earth  first  became 
solid,  the  Quantity  of  matter  along  each  radius  was  nearly  or 
quite  equal.  This  equality  would  not  be  aflfected  by  the  sub- 
sequent unequal  contraction.  It  seems  probable,  therefore, 
that  the  same  equality  still  exists,  and  that,  therefore,  the  mat- 
ter along  the  shorter  oceanic  radii  is  denser  than  along  the  loufrer 
continental  radii.  If,  farther,  we  suppose  great  mountain  pla- 
teau-masses also  to  be  formed  by  unequal  radial  contraction, 
then  the  plateau  radii  would  contain  the  lightest  matter  of  all. 
According  to  Archdeacon  Pratt,*  the  form  of  the  Indian  arc 
indicates  unmistakably  that  continental  matter  and  especiall  v 
Himalayan  matter  is  less  dense  than  sub-oceanic  matter.  Hfs 
view  of  the  origin  of  the  great  inequalities  of  the  earth  seems 
to  be  something  like  what  1  have  presented,  since  he  states  his 
belief  that  the  absolute  quantity  of  matter  along  different  radii 
is  the  same.  I  have  stated  this  as  a  possible  mode  of  formation 
of  great  plateau-massea  As  a  general  fact,  however,  I  account 
for  mountain  chains  in  an  entirely  different  manner,  which  I 
now  proceed  to  explain. 

♦  Phil  Mag.,  Tol.  xli,  p.  SOT,  1871. 
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2.  Ifmntain  Chaina. 

I 

A  cooling  earth  may  be  regarded  as  oompofled  of  oonoentiic 
isothermal  sheila,  each  cooling  by  conduction,  and  in  the  cate 
of  liquid  also  by  convection  to  the  next  outer  and  the  outer 
most  Dy  radiation  into  spaca  Furthermore  under  these  condi- 
tions, at  first  and  for  a  lonff  time,  the  outennost^  shell  would 
cool  &stest ;  but  there  would  eventually  come  a  time  when  the 
sur&ce  having  become  substantially  cool,  and  moreorer  receiv- 
ing heat  from  external  sources  (sun  and  space),  as  well  as  into^ 
nid,  its  temperature  would  become  nearly  fiaed^  while  the 
interior  would  atlU  continue  to  cod  bv  conduction.  This  hM 
probably  been  the  case  during  the  whole  rtcard/di  history  of  the 
earth.  Now,  therefore,  the  interior  portions  ooolinff,  and  there- 
fore coniraeting,  more  rapidly  than  the  exterior,  the  latter  wooM 
be  subjected  to  powerful  Ai^*uxmto2  preaewre^  which  coiitinuiiig 
to  increase  with  the  progressive  interior  contraction,  the  eadkh 
ioT  portion  must  eventutuly  yidd  somewhera  Mountain  dhoMf 
are  the  lines  aUmg  which  the  yielding  of  the  surfaot  to  hmrnrnfek 
thrust  has  taken  place.  But  observe:  according  to  my  view, 
this  yielding  is  not  by  up-bending  into  an  arch  leaving  a  hol- 
low space  beneath,  nor  such  an  arch  filled  and  supportea  by  an 
interior  liquid;  but  a  mashing  or  crushing  together  horizontaUyj 
nice  dough  or  plastic  clay,  unth  foldings  of  the  sircUa^  and  an  up- 
swelling  and  thickening  of  the  whole  squeezed  mass. 

No  other  view  but  this  will,  I  think,  satisfisK^torily  explain 
the  complex  foldings  so  universal  in  great  mountain  chain& 
We  will  not  stop,  however,  to  discuss  this  point  now,  but  has- 
ten to  give  what  seems  to  us  nothing  less  than  demonstrative 
proof  of  this  crushing  together  and  up-swelling  of  mountain 
chains.  This  proof  is  found  in  the  phenomenon  of  sUUy  cleav- 
age. 

It  is  now  established  beyond  the  possibility  of  a  doubt,  hy 
the  beautiful  observations  and  experiments  of  Shaipe,  Sorby, 
Haughtou  and  Tyndall,  that  slaty  cleavage  is  produced  by  power- 
ful pressure  perpendicular  to  the  planes  of  cleavage,  by  which 
the  whole  rock-mass  has  been  mashed  together  and  shortened  in 
that  direction,  and  correspondingly  eaitended  in  the  direction  of 
the  planes  of  cleavage.  As  the  planes  of  cleavage  are  usually 
highly  inclined  or  even  vertical,  it  is  evident  that  thie  rock-mass 
has  been  crushed  together  horizontally  and  su^elled  up  vertically. 
As  a  necessary  consequence  of  this  crushing  together,  we  find 
associated  with  cleavage  the  most  complex  foldings  not  only  of 
the  strata,  but  of  the  layers  and  even  of  the  finest  lines  of  lam- 
ination. This  plication  is  always  associated  unth  cleavage^  and, 
vice  versGj  cleavage,  when  the  rock  material  is  suitable  for  devel- 
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oping  this  structure,  is  always  associated  with  plication ;  and 
both  are  associated  with  mountain  chains. 

A  mashing  together  horizontally  and  an  extension  vertically, 
or  an  up-swelling  of  the  mass,  is  therefore  proved  in  slaty  cleav- 
age, and  thus  also  in  mountain  chains  where  slaty  cleavage 
occurs.  It  only  remains  to  show  that  the  amount  of  mashing 
in  one  direction  and  extension  in  the  other,  absolutely  proved 
in  these  cases,  is  fully  adequate  to  account  for  the  upheaval  of  the 
greatest  mountain  chains. 

By  the  observations  of  Sorby  and  Haiighton,  taking  an  ideal 
cube  of  the  original  unsqueezed  mass,  the  ratio  of  the  greatest 
diameter  (in  the  plane  of  cleavage),  to  the  least  diameter  (per- 
pendicular to  cleavage),  becomes,  after  squeezing,  sometimes 
2  :  1,  sometimes  4  :  1,  6  :  1,  9  :  1,  and  even  sometimes  11:1. 
According  to  Sorby,  the  average  is  5  or  6 :  1.  Now  it  is  evi- 
dent that  of  the  three  rectangular  diameters  of  such  a  cube, 
one  vertical  and  two  horizontsJ,  one  of  them,  the  horizontal  in 
the  direction  of  pressure,  would  be  shortened^  another,  the  ver- 
tical, would  be  elangcUedj  while  the  third,  the  horizontal  at  right 
angles  to  pressure,  would  be  unchanged^  because  in  the  rock- 
mass  yielding  could  not  take  place  in  that  direction.  It  follows 
then  that  the  change  of  the  original  diameters  in  either  direc- 
tion, by  compression  or  elongation,  would  be  the  square  roots  of 
the  ratios  mentioned  above.  Thus  if  a  cube  of  8  inches  diam- 
eter be  crushed  together  horizontally,  and  allowed  to  extend 
only  vertically,  until  its  previously  ecjual  diameters  become  as 
9:1,  it  is  evident  that  tne  vertical  diameter  has  been  increased 
and  the  horizontal  diameter  diminished  8  times.  Taking  6 :  1 
as  the  average  ratio,  in  cleaved  slates  of  diameters  originally 
equal :  we  may  assert  that  in  cleaved  rocks  the  whole  mass  has 
swelled  up  2^  (2*45)  times  its  original  thickness.  Suppose  then  a 
mass  of  sediments  10,000  feet  thick  subjected  to  honzontal  pres- 
sure and  crushing  sufficient  to  develop  well-marked  cleavage 
structure ;  a  breadth  of  2i  miles  would  be  crushed  into  1  mile^  and 
10,000  feet  tliickness  would  be  swelled  to  25,000  feet^  making  an 
actual  elevation  oj  the  surface  oj  16,000  feet  Now  we  actually 
have  strata  not  only  10,000  but  20,000,  and  even  40,000  feet 
thick. 

I  think,  therefore,  I  am  justified  in  asserting  that  the  phe- 
nomefta  of  plication  and  of  slaty  cleavage  demonstrate  a  crushing 
together  horizontally^  and  an  up-swelling  of  the  whole  mass  of  sedi- 
ments ;  and  tliat  slaty  cleavage  demonstrates  in  addition  that  the 
up-sweUing  produced  by  this  cause  alone  w  sufficient  to  account  for 
tne  elevation  of  the  greatest  mountain  chains. 

[To  be  concluded] 
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Art.  XLL — Letter  to  the  Superintendent  of  the  U.  S,  Coast  SuT' 
veyj  containing  a  Catalogue  of  bright  lines  in  the  Spectrum  of  At 
Solar  Atmosphere^  observed  at  Sherman^  Wyoming  Territory^ 
U.  &  A.,  during  July  and  August,  1872 ;  by  Pro£  C.  A. 
Young,  of  Dartmouth  CoUega 

Pro£  B.  Peibce,  Supt  U.  S.  C.  S.,  &c,  &c 

Dear  Sir — Without  waiting  to  complete  my  entire  report  of 
the  spectroscopic  work  at  Sherman,  I  send  for  immediate  pub- 
lication, should  you  think  proper,  a  list  of  the  bright  lines 
observed  in  the  spectrum  of  the  chromosphere  during  the  past 
summer. 

The  great  altitude  of  the  station  (nearly  8,800  feet),  and  the 
consequent  atmospheric  conditions,  were  attended  with  even 
greater  advantages  for  my  special  work  than  had  been  really 
expected,  although  I  was  never  quite  able  to  realize  jnj 
hope  of  seeing  all  the  Fraunhofer  lines  reversed,  unless  once 
or  twice  for  a  moment,  during  some  unusual  disturbances  of  the 
solar  surface. 

Everything  I  saw,  however,  confirmed  my  belief  that  the 
origin  of  the  dark  lines  is  at  the  base  of  the  cWomosphere,  and 
that  the  ability  to  see  them  all  reversed  at  any  moment  depends 
merely  upon  instrumental  power  and  atmospheric  conditions. 

In  this  view,  a  catalogue  of  the  bright  lines  actually  observed 
is  of  course  less  important  than  it  would  be  otherwise;  still  it 
is  not  without  interest  and  scientific  value,  since  the  lines  seen 
are  naturally  those  which  are  really  most  conspicuous  in  the 
chromosphere  spectrum,  and  this  conspicuousness  stands  in 
important,  but  by  no  means  obvious  or  even  entirely  simple, 
relations  to  the  intensity  of  the  corresponding  dark  lines, 
when  such  exist  There  can  be  no  doubt  that  a  careful 
study  of  these  bright  lines  and  their  behavior  would  yield 
much  valuable  information  as  to  the  constitution  and  habitudes 
of  the  solar  atmosphere. 

In  the  catalogue,  the  first  column  contains  simply  a  reference 
number  :  a  X  refers  to  a  note  at  the  end  of  the  catalogue 

The  numbers  in  the  second  column  refer  to  my  **  Preliminary 
Catalogue,"  containing  103  lines,  which  was  published  a  year 
ago  in  the  **  American  »Iournal  of  Science."  In  this  column  a 
f  indicates  that  some  other  observer  has  anticipated  me  in  the 
determination  and  publication  of  the  line.  As  I  have  depended 
for  my  information  almost  solely  upon  the  Comptes  Rendus 
and  the  Proceedin<rs  of  the  Eoyal  Society  (which  give  the 
observations  of  Lockyer,  Janssen,  Rayet  and  Secchi),  it  is  quite 
possible  that  some  other  lines  ought  to  be  marked  in  the  same 
manner. 
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The  third  column,  headed  K,  gives  the  position  of  the  lines 
on  KirchoflTs  scale,  the  nombers  above  Q  being  derived  from 
Thalen's  continuation  of  KirchofTs  maps.  In  this  column  an 
asterisk  denotes  that  the  map  shows  no  corresponding  dark 
line,  a  ?  that  the  exact  position,  not  the  existence,  of  the  line 
is  for  some  reason  slightly  uncertain. 

The  fourth  column,  headed  A,  gives  the  wave-length  of  the  line 
in  ten  millionths  of  a  millimeter,  according  to  Angstrom's  atlas. 

The  numbers  in  this  and  the  preceding  column  were  taken, 
not  from  the  maps  themselves,  wnich  present  slight  inaccuracies 
on  account  of  the  shrinking  and  swelling  of  the  paper  during 
the  operation  of  printing,  but  fix>m  the  numerical  catalogues  of 
Kirchoff  and  Angstrom  which  accompany  their  respective 
atlases.  In  the  preliminary  catalogue  the  numbers  were  derived 
fix>m  the  maps ;  hence  some  slight  discrepancies  in  the  tenths 
of  division. 

The  fifth  column,  marked  F,  contains  a  rough  estimate  of 
the  percentage  of  frequency  with  which  the  lines  were  seen 
during  the  six  weeks  of  observation ;  and  the  sixth  column,  B, 
a  simflar  estimate  of  their  maximum  brightness  compared  with 
that  of  the  hydrogen  line  C. 

The  variations  of  brilliance,  however,  when  the  chromosphere 
was  much  disturbed,  were  so  considerable  and  so  sudden  that 
no  very  great  weight  can  be  assigned  to  the  numbers  riven. 
Nor  is  it  to  be  inferred  that  lines  which  have  in  the  table  the 
same  index  of  brightness  were  always  equally  bright  On  cer- 
tain occasions  one  set  of  lines  would  be  particularly  conspicu- 
ous ;  on  others,  another. 

With  two  or  three  exceptions,  indicated  in  the  notes,  no  lines 
have  been  catalogued  which  were  not  seen  on  at  least  two  dif- 
ferent daya  In  the  few  cases,  where  lines  observed  only  on 
one  occasion  have  been  admitted  to  the  list,  the  observations 
were  at  the  time  carefully  verified  by  my  assistant,  Prof.  Emer- 
son, so  as  to  place  their  correctness  beyond  a  doubt  Many 
other  lines  were  "  glimpsed  "  at  one  time  and  another,  but  not 
seen  steadily  enough  or  long  enough  to  admit  of  satisfactory 
determination. 

The  last  column  of  the  catalogue  contains  the  symbols  of  the 
chemical  elements  corresponding  to  the  respective  lines.  The 
materials  at  my  disposal  are  the  maps  of  KirchoflFand  Angstrom, 
Thalen's  map  of  the  portion  of  the  solar  spectrum  above  G,  and 
"  Watts'  Index  of  Spectra."  Since  the  positions  of  the  lines  in 
the  latter  work  are  given  onlj  to  the  nearest  unit  of  "Angstrom's 
scale,"  I  have  marked  the  coincidences  indicated  by  it  with  a  (w), 
considering  them  less  certain  than  those  shown  by  the  maps. 

In  addition  to  the  elements  before  demonstrated  to  exist  in 
the  chromosphere,  the  following  seem  to  be  pretty  positively 
indicated — sulphur,  cerium  and  strontium ;  and  the  following 
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with  a  somewhat  1«88  Aegree  of  pn>b»bilit7,  sine,  ertriom  and 
yttrium,  lanthanum  and  didymiom.  There  ate  some  odita- 
dences  also  with  the  specttu  of  oxygen,  nitrogen  and  biomiitc^ 
but  not  enough  considering  the  tob^  nomber  of  lilies  in  the 
spectra  of  these  elements,  or  of  a  character,  to  warrant  any  con- 
clusioo.  One  line  pointo  to  the  presence  of  iridinm  or  mtbe- 
nium,  and  only  three  are  known  in  the  whole  epectrum  of  these 
metals. 

No  one,  of  coutse.  can  &il  to  be  stmck  with  the  nomher  of 
cases  in  which  lines  have  associated  with  them  the  symbols  of 
two  or  more  elements.  The  coincidences  are  too  many  and  too 
close  to  he  all  the  result  of  accident,  as  for  instance  in  the  cus 
of  iron  and  calcium,  or  iron  and  titanium. 

Two  explanations  suggest  themselvea  The  first,  which 
seems  rather  the  most  probable,  is  that  the  metals  opnated 
upon  by  the  observer  who  Eoapped  their  spectra,  were  not  abso- 
lutely pure — either  the  iron  contained  traces  of  cahnnm  and 
titamum,  or  vice  versa.  If  this  sapposition  is  excluded,  tbea 
we  seem  to  be  driven  to  the  conclusion  that  there  ia  some  sueh 
similarity  between  the  molecolee  of  the  different  metals  as  ren- 
ders them  susceptible  of  certain  synchronous  periods  of  vibia-  . 
tions — a  resemblance,  as  regards  the  manner  in  which  the  mole- 
cules are  bailt  up  out  of  the  constituent  atoms,  sufficient  to 
establish  between  them  an  important  physical  (and  probably 
chemical)  relationship. 

I  have  prefixed  to  the  catalogue  a  table  showing  the  number 
of  lines  of  each  substance,  or  combination  of  suDstances,  ob- 
served in  the  chromosphere  spectrum ;  omitting,  however,  oxy- 
gen, nitrogen  and  bromine,  since  with  one  exception  (line  23U). 
neither  of  them  ever  stands  alone,  or  accounts  tor  any  lines  not 
otherwise  explained.   - 

The  instruments  and  methods  of  observation  were  the  same 
employed  in  the  construction  of  the  Preliminary  Catalogue. 
Telescope,  fty*,  inches  aperture — spectroscope  automatic,  with 
dispersive  force  of  12  priamfi. 

The  approximate  geographical  position  of  Sherman  is  Lon. 
l''53-2'"we8tof  Washingwn;  Latll^Q?';  Altitude  above  sea- 
level  8,280  feet;  mean  height  of  barometer  about  22'1  inchea 
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1.  He  positioD  oRsijfned  to  this  line,  first  ohBorTad  hj  Reapifrht  (a  fact  rf  whldi 
WM  ignorant  wlion  [lie  Prelim iuarj'  Catalogue  waa  piiblii^hed),  regis  upon  two 
griea  ol  micrometrii^  memuremeala,  nferring  it  lo  four  neigh'raring  dwk  tinea — 
M  probable  error  it  about  j',jtb  of  n  dirifioti  of  Kirchoffs  Bcale. 

8.  No.  6fn  PC.    PoKitioo  there  ^7eii,  143 T 

le  and  11.  Soe.  S  and  9  of  P  C.  PoBition  giren  »C  Sie-S  and  831-9,  b;  a  mis- 
■k«  in   ideiitifyini;  tinea  upon  the  map, 

40.  I  hare  nerer  mvBelf  ?eon  thip  line  reversed.  Prof.  Emenoo,  howerer,  aaw 
:  wrAal  timet.  It  was  first  reported  bj  Sev.  8.  J.  Perr;,  In  Katvre,  vol.  iii, 
.ST. 

41.  He  portion  of  this  line  haa  been  Independently  determined  by  three  seriee 
I  micrometric  comparisona  with  neighboring  lines.  Uy  result  agrees  exactly  with 
tiat  of  Hu^ns. 

Aw.  Joe*.  Soi.—TBtuB  SxBiM,  Voi.  IV,  Mo.  !B.— So-i.,  ISn^ 
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72.  Brronaoqaly  gtym  fai  P  0,  •■  ISO'l,  iHikh Bat  dw aot wwii^  ctMlwit 
WM  nerw  seen  renmed  at  SheniiiiL 
100.  TbeprindpallineiiitlMipeotnim  of  flwooraMb    Hit  0Qn«mttdln|lM 


In  the  specbrum  of  iron  It  fsebtep  md  on  Mfml  'nnnMloni  mUm 
Ing  lines  of  lion  (1463,  teL),  hAf»  been  fMtir  dirtnited,  lUt  iM  «^ 
lympatliiM.    HonooIhaf»inAikedtlM«iwl&ftr.    WHtifaiHBrttin 
of  oxygen  at  5816  A. 

162  and  166.  Obeerrod  onlj  on  one  dagrt  but  wtted  1^  Ftal 

172.  OaUed  'UtUe  0'  bj  Mr.  Stonqr. 

179.  Giyen  by  Lookjer  as  K  2064.    Ilsposltion  is  a  HtOeimowlriB;  it 
to  coincide  with  neitiier  of  the  daik  lines  at  S061  and  2064|  bat  Uea 
a  little  nearer  to  206L 

189.  Rather  a  band  than  a  line. 

222.  The  position  of  this  line,  which,  however,  like  180,  is  ndlMr  %  band,  vm 
determined  by  two  series  of  oaieful  mioroBietrioai  msasarsBentB^  ft  wai  disoo^ 
ered  by  Rayd  in  Januair,  1869;  sfaioe  oallsd  'f  *  1^^  LoreuaonL 

272  and  273.  Theee  linea  were  both  reversed  (by  a  narrow  bclglil  stripe 


down  the  center  of  the  broad  haiy  band)  as  oonstantiy,  vHienevsr  the  assing  wm 
good,  as  A  or  0  itsdf.  The  obeervation  was  dWInnH,  howwer,  and  raqohed  thi 
most  scmpulous  exdusion  of  foreign  lig^  and  a  oarefol  a^fnslnMnl  of  the  rilt  k 
tiie  plane  of  the  solar  Image  formed  by  tiieae  partjoolar  n^ 

They  were  also  foimd  to  be  rsgolariy  reversed  open  we  bo^  of  the  eon  Unit 
in  the  pmmnJbra  amd  immMaU  m&iffiiiboirhnd  ^jmm^  impmrUmi  tpoL 
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Art.  XLII. — On  the  Quartzile^  Limestone  and  asBodated  recks  of 
the  vicinity  of  Oreai  Barrington^  Berkshire  Co,^  Mass. ;  by 
James  D.  Dana.    With  a  map,  on  Plate  IV. 

Whatever  the  appearances  at  Canaan,*  the  qaartzite  in 
•Great  Barrington  (or  Harrington,  as  it  is  called  in  the  guide- 
books), a  dozen  miles  north  of  Canaan,  alternates  with  mica 
schist,  and  both  of  these  rocks  for  the  most  part  overlie  the  "  isloch 
bridge"  Hmestone.f  The  quartzite  is,  therefore,  as  well  as  the 
schist,  to  a  great  extent  a  newer  rock ;  and  as  both  occur  in 
some  places  interstratified  with  upper  beds  of  the  limestone,  all 
are  parts  of  one  consecutive  series  of  strata. 

If  then  the  western  range  of  limestone  in  Berkshire  is,  like 
that  of  West  Rutland,  Chazyj:  in  age,  the  range  to  the  eastward 

*  See,  on  the  "  Canaan  Qnartzite,"  this  Journal,  III,  iii,  179.  I  shall  at  anodier 
time  reconsider  the  conclusion  in  that  paper  witii  r^|[ard  to  the  relations  of  the 
quartzite  to  the  other  rocks ;  it  was  based  on  general  considerationa  and  not  on 
observed  sections. 

f  This  relation  of  the  gneiss  and  quartzite  was  obserred  by  Prol  Hitchcodi:, 
ana  is  stated  in  his  Massachusetts  Geological  Report  (pp.  688-590,  1841),  where 
he  sajs  that  the  quartzite  might  be  considered  a  member  of  the  gneiss  ai^  mici 
schist  formation.  Its  relation  to  the  associated  limestone  he  speaks  of,  on  p.  &90, 
as  "  little  more  than  a  juxtaposition."  But  on  p.  673  he  had  stated  correcuy  thit 
inasmudbi  as  the  limestone  was  interstratified  with  the  same  schist,  it  therefore 
must  be  also  with  the  quartzite.  The  areas  colored  as  qwtrtsUe,  on  boUi  the  Mae- 
sachusetts  and  Vermont  geological  maps,  are  largely,  and  some  whoUy^  mica  sdiisti 
gneiss,  or  hydro-mica  slate.  This  is  the  fact  with  the  Great  Barrington  region  as 
well  as  others. 

{  This  volume,  page  133,  in  a  note  by  Mr.  E.  Billings. 


in  the  vicinity  of  Cheat  Barrington,  Mass.  868 

is  probably  Trenton ;  and,  further,  the  quartzite  and  the  associ- 
ated mica  schist  (and  gneiss),  since  they  directly  overlie  the 
limestone,  and  besides  are  sometimes  interstratifiea  with  it,  are, 
with  little  doubt,  either  of  the  Trenton,  or  of  the  Cincinnati 
(Hudson  Rivet)  group.  Prof.  Hitchcock  makes  the  statement 
that  the  limestone  of  the  western  range  i  is  essentially  pure  car- 
bonate of  lime,  or  contains  very  little  magnesia  if  any,  while  the 
more  eastern,  both  in  Massachusetts  and  Vermont,  is  mostly 
dolomite.* 

On  the  western  border  of  Berkshire  (or  of  Massachusetts) 
stretch  along  the  Taconic  mountains,  which  consist  in  these 
latitudes,  on  the  eastern  side,  chiefly  of  a  fine  grained  mica  slate, 
sometimes  chloritic^  and  occasionally  staurolitic  as  well  as  gar- 
netiferous.  The  rocks  dip  eastward,  with  local  exceptions,  and 
underlie  conformably  the  western  range  of  Berkshire  limestone. 
The  limestone  adjoining  these  Taconic  slates  on  the  east  being 
Chazy,  the  slates  themselves  are  almost  certainly  of  the  period 
next  preceding,  and  therefore  Quebec  schists,  as  made  by 
Logan. 

Hence,  in  this  part  of  the  Green  Mountain  region,  the  rocks 
are  probably  a  continuous  series  of  Lower  Silurian  strata,  com- 
mencing with  the  Quebec  group,  and  ending  seemingly  with  the 
upper  group  of  this  era — the  Cincinnati  or  Hudson  River 
group.  These  views  accord  in  the  main  with  those  of 
the  geological  map  of  Sir  Wm.  E.  Logan,  that  is,  in  making 
the  beds  Lower  Silurian,  and  the  Taconic^  slates  to  represent 
the  Quebec  group;  but  diflfer  in  referring  the  other  rocks 
(on  the  basis  of  facts  since  ascertained)  to  the  Trenton  and 
perhaps  also  the  Hudson  River  period.     They  sustain  as  re- 

fards  the  limestones  the  view  put  forward  as  early  as  1841,  by 
^rofessors  W.  B.  and  H.  D.  Rogers.f  They  are  entirely  at 
variance  with  the  views  of  Prof  Emmons,  who  made  the  lime- 
stone, schists  and  quartzite,  all  older  than  the  Potsdam.  They 
are  inconsistent  with  the  view  that  in  Canada  and  Western 
New  England  an  epoch  of  disturbance  intervened  between  the 
Trenton  era  and  that  preceding  it ;  and  support  the  old  conclu- 

*  How  far  this  difference  is  connected  with  difference  of  geological  age  has  not 
been  aaoeitained.  Hitchcock  states  that  successive  layers  in  the  same  region  are 
KMDeCinies  unlike  in  this  respect,  and  T.  S.  Hunt  found  the  same  to  be  true  in  the 
Quebec  group  of  Canada.  Chemical  analyses  to  setUe  the  question  would  have, 
therefore,  to  be  very  numerous.  In  the  east-and-west  region  including  North 
Adams  and  Williamstown,  the  marbles  of  Williamstown,  the  western,  are  magne- 
■iaii,  according  to  Hitchcock's  Massachusetts  Report,  while  those  of  NorUi  Adams, 
or  the  eajfem,  contain  little  or  no  magnesia. 

f  Amer.  Phil.  Soc,  Jan.  1,  1841.  This  Joum.,  xlvii,  161,  1844.  The  Messrs. 
Rogers  made  the  limestone  Trenton,  or  Ohazy  and  Trenton,  but  the  quartzite  they 
pronoimoed  Potsdam,  and  the  Taconic  slates,  with  those  west  of  them  to  the  Hud- 
son River,  Hudson  River  slates. 
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flion  of  Logaiit  that  the  great  distorbanotB  iflEaetiiiKthaM  Lower 
Silurian  rocks  oocorred  at  the  dose  of  the  Lowerl^liuiaiL 

I  propose  to  discuss  the  facts  atf  to  the  speoial  age  of  thcid 
rocks  on  another  occasion. 

I  have  said  that  the  confonnable  superposition  of  the  lim^ 
stone,  schists,  and  quartzite  is  unquestionaDle— ooafcrsiy  to  the 
idea  with  which  I  entered  upon  the  study  of  the  Oreen  ICooni 
ain  rocks.  The  evidence  consists  in  the  direct  testimoay  of 
sections  showing  unmistakable  superposition. 

In  my  discussion  of  the  subject,  I  iELrst  briefly  explain 
the  topoaraphy  of  the  r^on,  in  order  that  the  pusitioiu  and 
eeographical  relations  of  the  several  localities  described  may 
be  appreciated.  The  accompanying  mxp  (Plate  IV)  ,in  its  oufr 
lines  is  a  reduction  of  the  Berkshire  Coun^  map  of  1858 ;  the 
topography  I  have  added  £rom  such  observations  as  I  have 
be^n  able  to  make  without  the  use  of  instruments  I  next 
describe  the  hinda  of  rocka  in  order  that  their  variety  and 
their  transitions  may  be  understood,  and  also  the  beanng  of 
the  facts  on  the  value  of  lithological  characters  as  a  criterion  in 
geoloffical  chronology.  Finally,  I  shall  present  the  fiusts  con- 
nected with  the  stratification  of  iJie  rocks,  as  obtained  fixMn  sec- 
tions in  different  parts  of  the  region. 

L    Topography. 

In  the  vicinity  of  Great  Barrington  (see  the  map)  there  are 
three  principal  north-and-south  valleys  over  a  r^on  about  ten 
miles  wide,  each  containing  strata  of  crystalline  limestone. 

(1.)  The  western^  that  of  Egremont  (and  western  part  of  Great 
Bamngton),  is  backed,  as  just  stated,  by  the  Taconic  mountaina 

(2.)  The  central  is  that  of  the  Housatonic  river,  on  which  are 
situated  the  villages  of  Great  Barrington;  Van  Deusenvilie^ 
two  miles  north  of  Great  Barrington ;  Housatonic,  two  miles 
farther  north;  and  Stockbridge,  three  miles  northeast  of 
Housatonic,  or  six  from  Great  Barrin^n. 

(8.)  The  eastern^  the  valley  of  Muddy  Brook  and  the  Kon- 
kapot,  lies  along  the  eastern  border  of  the  town  of  Barrington, 
and  has  Beartown  Mountain  on  the  east 

The  two  ranges  of  ridges  between  these  three  valleys  con- 
sist mainly  of  the  metamorphic  schists  and  quartzite  which 
overlie,  or  are  interstratified  with,  the  limestone. 

The  range  bounding  the  Housatonic  valley  on  the  v}eat  is,  bj 
estimate,  100  to  250  feet  in  height  above  the  river.  North  of 
Van  Deusenville  it  consists  of  two  overlapping  parts,  L  and  W, 
and  between  them  flows  Williams  river. 

The  range  on  the  mst  of  this  valley  varies  from  100  to  at 
least  500  feet  in  elevation  above  the  Housatonic.  To  the 
northward  it  bends  more  to  the  westward  toward  the  Housa- 
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tonic  river  and  the  village  of  that  name,  narrowing  the  valley 
there  to  less  than  a  fourth  of  a  mile ;  in  this  part  the  eastern  range 
is  a  broad  elevated  region,  800  to  450  feet  in  height  above  the 
river  by  estimate,  and  is  called  Monument  Mountain.  South- 
ward also  the  ridge  increases  in  height,  and  three  miles  (by  the 
road)  east  of  Great  Barrington  (2J  miles  in  a  direct  line,  at  T 
and  farther  southj  becomes  "  Three  Mile  Hill,"  or  ridge.  The 
high  land  of  '*  Three  Mile  Hill"  extends  westward  to  "  East 
Mountain,"  just  east  of  Great  Barrington,  reducing  abruptly  the 
width  of  the  Housatonic  valley  in  this  part  to  half  a  mile. 

Beartown  Mountain  is  probably  full  600  feet  above  the  plain 
at  its  western  base.  It  is  a  ridge  chiefly  of  gneiss,  and  of  the 
same  age  with  the  other  ridges  just  described. 

The  Effremont  plain  or  region,  on  passing  north  of  the  lati- 
tude of  van  Deusenville,  is  divided  into  three  north -and-south 
valleys.  The  Tom  Ball  ridge  bounds  the  town  of  Alford 
on  the  east,  and,  extending  northward  into  West  Stockbridge, 
divides  the  southern  half  of  the  latter  town  into  an  eastern 
and  western  section.  "  Tom  Ball,"  the  highest  summit  of  the 
range,  lies  directly  west  of  Williamsville,  and  is  by  estimate 
750  feet  in  elevation  above  the  plain  either  side.  Its  rocks  are 
mica  or  hydro-mica  slate  and  cnloritic  mica  slate,  like  those  of 
the  Taconic  range.  Again,  the  town  of  Alford  is  divided  lon- 
gitudinally from  north  to  south  by  a  low  ridge  of  the  same 
slates,  50  to  250  or  300  feet  in  elevation. 

I  may  also  state,  as  it  will  be  necessary  to  make  use  of  the 
fact  in  the  course  of  this  memoir,  that  a  range,  similar  in  rocks 
and  altitude  to  the  Tom  Ball  ridge,  lies  farther  east  along  the 
eastern  boundary  of  the  town  of  West  Stockbridge,  and  extends 
northward  between  Richmond  and  Lenox  to  the  southern  bor- 
der of  Pittsfield.  "  Lenox  Mountain  "  is  its  highest  part,  and 
may  well  give  a  name  to  the  ridge.  All  the  ridges  here  men- 
tioned have  an  approximate  parallelism  to  the  Taconic  range 
fitrther  west. 

The  limestone  region  extends  to  the  eastward  of  Beartown 
Mountain.  I  propose  to  continue  my  investigations  of  the 
Taconic  and  later  rocks  in  that  direction  another  season.  How 
£ar  they  spread  east,  whether  anywhere  to  the  Connecticut  river 
valley  or  not,  is  yet  among  the  unknown  things  in  American 
geology. 

2.  Kinds  of  Rocks, 

The  following  rocks  occur  in  the  limestone  region  within  20 
miles  north  or  south  of  Great  Barrington.  The  beds  of  schist 
and  slate  either  directly  underlie,  or  are  interstratified  with,  or 
overlie  the  limestone ;  the  quartzite  rocks  all  overlie  the  lower 
limestone  stratum,  but  are  sometimes  interstratified  with  others 
above. 
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A.  Lim&Ume. — ^Tbe  limestone  of  the  rurkm  is^  in  gooenJ,  t 
fine-grained  crystalline  rock,  white,  Uaisn-white,  or  douded. 
It  graduates  in  some  places  into  a  date-blue  yariety,  whidi  is 
but  slightly  crystalliua  At  one  place  along  the  imilroad,  a 
mile  west  of  Stockbridge,  I  looked,  with  some  hope  of  eaoceni  6r 
fossils ;  and  I  think  I  found  one,  although  the  fenn  aomewhak 
like  the  head  of  a  Cystidean  with  its  stem,  is  not  distinet  enough 
to  entitle  it  to  credit  The  same  bed  at  times  yanea  in  toe 
course  of  a  mile  or  less,  from  a  blue  semi-crystalline  rock  into  a 
whitish  crystalline.  Pyrites  and  minute  brown  tourmalines  are 
present  in  some  impure  beda  Tremolite  is  a  yery  common 
mineral  in  the  Canaan  limestone,  where  a  massiye  mtm  is  the 
so-called  Canaanite ;  it  also  occurs  in  the  next  town,  Sheffidd, 
but  is  sparingly  met  with  in  the  limestone  fitrther  north. 
Brown  mica  in  scales  is  also  common  in  the  less  pure  layers  of 
the  Canaan  limestone. 

K  Meiamorphic  schistose  rocks  and  siaiss, — ^The  following  are 
among  the  occurring  kinds  of  schistose  and  slaty  loeka. 

(1)  Mica  schistf  abounding  in  mica,  the  scales  laigish,  their 
colors  white  and  black  intermingled,  the  latter  predominating. 

[2)  Arenaceous  mica  schist^  with  minute  scales  of  mica. 
,8)  Mica  slate,  using  this  term  in  a  sense  distinct  from  that  of 

mica  schist,  for  a  shining  slaty  rock,  smooth  in  surface,  inter- 
mediate between  mica  schist  and  clay  slate,  and  also  between 
mica  schist  and  hydro-mica  slate.  It  is  a  prominent  constituent 
of  the  Taconic  Mountains,  and  also  of  Tom  Ball  and  other 
summits  in  the  limestone  area.  This  rock  is  in  some  places 
staurolitic  and  gametiferous, 

(4)  Hydro-mica  slate,  like  the  mica  slate,  but  feeling  greasy, 
and  owing  this  peculiarity  to  the  presence  of  a  hydrous  mica 
instead  of  the  ordinary  anhydrous.  It  is  not  always  easy  to 
draw  the  line  between  this  slate  and  mica  slate,  except  by 
chemical  analysis.  The  slate  of  Tom  Ball  and  that  of  the 
Tacouic  Mountains  have  in  part  the  external  characters  of  this 
rock.  [Near  Butland,  Vt,  a  variety,  very  decidedly  soapy  to 
the  touch,  occurs  associated  with,  and  graduates  into,  quartzite, 
and  all  overlie  apparently  the  limestone  of  the  region.*] 

*  I  repeat  here  that  the  hydro-mica  slate  was  formerij  called  to&aoM  dofe,  and 
by  Emmons  magnma  aUUe ;  later  by  T.  S.  Hunt,  in  the  Canada  Geological  Reports, 
nacreous  shate;  and  by  Hitchcock  in  the  Vermont  Geological  Report  of  1861, 
iakoid  achisL  It  was  shown  by  Hunt  (Can.  G.  Rep.  1864,  1863)  and  G.  F.  Barker 
(Vt.  G.  Rep.,  p.  708)  to  contain  no  magnesia. 

The  following  are  analyses;  1  by  Hunt;  2  to  4  by  Barker: 
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Si 

1.  Ste  Marie,  Canada,  redj  66*70 

2.  Irasburgh,  Vt,  gray,    78*70 

3.  Roxbury,  Vt.,  gnh^.^  69  90 

4.  Pownal,  Vt,  bh-ffrayy  42*90 


Si        fe      % 

16-20    6-90    2-66 

12*80    ¥etr.   tr. 

2000         1*80 

42*20        1*98 


Ca 

fTa     & 

▼oL 

0*67 

[3*78] 

3*10=100 

123 

5*67   0*89 

0*60=  9VT9 

1*61 

2-33    1*45 

2*40»  99*39 

0*78 

1-33   5*24 

560SSIOO-03 

These  analyses  indicate  that  it  is  often  impossible  to  distinguish  the  hydn>4n»ca 
slates;  for  No.  2,  although  deacribod  in  the  Yennont  Report  as  ^'the  moat  uiio> 
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(6)  Chloritic  varieties  of  the  mica  or  hydro-mica  slate  occur 
in  Tom  Ball  and  the  Taconic  Mountains,  in  some  of  which 
there  is  as  much  chlorite  as  mica.  Thej  sometimes  contain 
crystals  of  magnetite.  [At  the  Rutland  locality,  referred  to 
above,  there  is  a  true  dark  green  chlorite  schist^  containing  mag- 
netite associated  with  the  hydro-mica  slate  and  quartzite.] 

(6)  Fine-grained  gneiss^  grayish  to  bluish  gray  in  color ;  the 
feldspar  and  (quartz  in  small  grains  and  distinguishable  from 
one  another  with  difficulty.  The  fusibility  of  tne  rock  shows 
that  it  contains  feldspar.  The  rock  is  sometimes  thick-bedded 
and  of  uniform  color.  A  bluish  gneiss  of  this  kind  is  quarried 
for  architectural  purposes  on  Monument  Mountain.  A  very 
common  variety  is  strongly  and  closely  banded  with  black  and 
white  through  the  alternation  of  very  micaceous  and  quartzo- 
feldspathic  layers.  It  affords  thick  slabs,  and  is  quarried  west 
of  Great  Barrington  and  elsewhere.  A  very  contorted  gneiss 
of  this  kind  occurs,  which,  although  contaming  much  mica, 
has  lost,  through  the  contorting,  all  its  schistose  structure,  and 
almost  all  traces  of  its  bedding. 

(7)  Granitoid  gnevis^  a  light  colored,  even-grained  granite- 
like rock  breaking  into  great  blocks,  the  mica  in  small  scales, 
mostly  black.     (Overlies  mica  schist  and  quartzite). 

(8)  Whitish  gneiss^  containing  very  little  mica  in  distinct  in- 
terrupted streaks  and  spots. 

(9^  Homblendic  schist^  interstratified  with  the  gneiss,  of  a 
blacKish  color. 

(10)  Oamet  rock,  interstratified  with  gneiss  and  gneissic  quart- 
zite, a  dark  gray  rock,  exceedingly  tough,  made  up  largely  of 

J>ale  reddish  massive  garnet,  with  quartz,  and  perhaps  some 
eldspar  (though  not  distinguishable),  and  few  minute  oblong 
whitish  crystals  of  some  hornblendix)  mineral.  Contains  minute 
particles  of  pyrites. 

(11)  Tremolite  rock  The  Canaanite  of  Canaan,  a  coarsely 
granular  rock,  white  to  grayish-white  in  color,  often  mixed  with 
quartz  and  with  limestone,  and  often  containing  scales  of 
brown  mica.  Weathered  specimens  sometimes  show  the  ends 
of  crystals  of  tremolite. 

(12)  Clay-slate  occurs  alternating  with  quartzite  and  limestone 
in  Williamstown,  Massachusetts,  and  at  Kutland  and  elsewhere 
in  Vermont  That  of  the  Taconic  range  west  of  Great  Barring- 
ton  lies  mostly  to  the  west  of  the  mica  or  hydro-mica  slate  of 
that  range.] 

tooufl  of  all  the  Rpedmens  analyzed,'^  eyidenUj  contains,  chieflj  if  not  solely,  an 
anhydrous  mioa,  and  this  a  9oda  mica,  if  there  is  any  mica  present  The  analysis 
gires  too  little  alumina  in  proportion  to  the  alkali  for  any  known  species.  No  4 
ftppears  to  be  almost  solely  the  hydrous  mic%  damourite ;  just  such  a  rock  has  been 
recently  described  fVom  Salm-OhAteau,  and  called  damouritic  schist  Another 
AoalTflU  bj  Baricer,  not  here  dted,  is  of  a  chloritic  variety. 
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G.  Quarizite  beds. — The  rocks  of  the  qiuurtaite  beds  differ 
much  in  character.    The  principal  kinds  are  the  foUowing. — 

(1.)  An  intensely  huxT,  gray  or  whitish  quarteite^  jointed 
profoandly  and  in  more  than  one  direotion,  but  without  oistaKl 
traces  of  bedding.  Some  beds  are  a  ocMaelomerate  of  the  ssme 
hardness,  made  up  of  pebbles  or  stones  nom  the  siae  of  a  pes 
to  that  of  cobble  stone&  Minute  particles  of  pyrites  axe  mt- 
ingly  disseminated  through  a  laige  part  of  thia  and  other 
varieties  of  the  quartzita 

(2.)  A  rock  equally  massive  in  fracture  and  almost  as  fiim, 
but  showing  the  bedding  more  or  less  distinctly.  (It  is  oftea 
used  for  the  hearths  of  furnaces.)  deavable  particks  of  a 
fflassy  feldspar  are  sometimes  distributed  through  it  When 
tn  us  laminated  it  often  contains,  especially  over  tne  soifisuMS  of 
the  laminffi,  scales  of  a  white  mica  or  hydro-mica,  and  aometimei 
minute  brown  or  blackish  tounnalinei. 

A  rock  of  this  kind  often  weathers  rapidly  on  exposure^  so 
as  to  become  very  friable,  or  even  fiJl  to  sano.  (It  is  used  for 
making  glass  in  tbe  r^on.) 

(8.)  sSqfi  sand-beds^  in  thm  layers,  that  change  deeply  to  a 
dirty  sand. 

(4.)  Calcareous  quartziie^  which  graduatcR  on  one  side  into 
limestone  and  the  other  into  ouartzite.  Some  hard  laminated 
quartzites  are  very  porous  as  it  they  had  once  contained  calca- 
reous material. 

(5.)  Gneissic  quarizite  and  quartz-conglomerate.  A  variety 
consisting  partly  of  quartz  pebbles  half  an  inch  to  an  inch  in 
diameter  contaiuing  large  masses  of  orthoclase  and  much  mica, 
and  really  a  variety  of  gneisa 

(6.)  Feldspathic  quarizite,  a  quartzite,  often  very  hard,  con- 
taining much  orthoclase  through  its  mass.  The  orthoclase 
decomposes  easily  and  becomes  removed,  leaving  the  rock 
cavernous,  and  thus,  as  Hitchcock  long  since  explained,  is  pro- 
duced the  bithrsione  of  Berkshire.  Besides  the  orthoclase,  a 
glassy  cleavable  less  alterable  feldspar  may  often  be  distin- 
guished in  the  so-called  buhrstone,  and  sometimes  in  the  walls 
of  the  cavities  that  had  been  made  by  the  decomposition  and 
removal  of  the  orthoclase ;  it  is  probably  either  albite  or 
oligoclase.* 

The  transitions  between  the  diflFerent  kinds  of  rock  in  the 
quartzite  formation  are  often  very  abrupt  Only  a  few  rods 
sometimes  separate  the  regularly -bedded  fragile  quartzite  from 
the  hard  bedless  granular  quartz.  The  soft  sand-rock  often 
has  within  it  intensely  hard  masses  made  up  of  the  sands  of 

*  I  am  indebted  for  specimens  of  this  and  the  preceding  variety  of  the  quartz- 
ite to  Dr.  Stephen  Reed  of  Pitt»field.  They  are  from  the  yaUeys  of  Roarii^ 
Brook  and  Mill  River,  east  ot  ISe^  Iauox. 
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'  layers  solidified  together ;  the  bedding  stops  short  off  in 
88  o{  structureless  quartzite,  several  yards,  it  may  be,  in 
.th  and  height,  which  lies  isolated,  so  that  it  might  be 
L  for  an  intruded  boulder  were  it  not  for  the  traces  of  bed- 
on  some  parts  of  its  exterior. 

ben  the  rock  of  a  quartzite  stratum  is  the  harder  quartzite, 
sure  to  stand  out  over  the  region  in  bold  crests,  or  make 
}recipitous  brow  of  a  mountain  ridge.     When  it  is  the 

•  variety,  the  ridges  may  have  gentle  slopes,  and  lie 
y  covered  with  earth,  showing  nowhere  an  outcrop  of 
t)ed8.  But  ridges  of  this  latter  kind  often  have  vast 
)er8  of  quartzite  boulders  over  the  surface,  which  one 
ant  of  the  facts  would  suppose  were  all  transported 
lers,  while  they  are  partly  at  least  the  hard  knots  of  the 
i  sand  rock. 

ese  diversities  in  the  quartzite  serve  to  explain  much  that 
^sterious  in  its  apparent  distribution.  It  aoes  not  answer 
mrposes  of  strict  science  to  set  down  the  plains  along  the 
jB  as  all  limestone  areas;  for  the  soil  of  these  plains  may 
on  soft  beds  either  of  the  quartzite  formation,  or  of  the 
schist;  and  we  cannot  infer  from  an  outcrop  of  hard 
zite  only  a  few  yards  in  breadth  that  the  concealed  stra- 
below  to  which  it  belongs  has  no  greater  breadth. 
^Ti^  following  the  direction  of  the  bedding^  there  are  some- 
.  changes  from  quartzite  to  mica  schist  or  gneiss.  This  is' 
xi  by  the  fact  that  the  strata  of  the  same  north-and-south 
^  or  in  the  direction  of  the  strike,  are  mainly  quartzite  in 
place,  and  in  another,  two  or  three  miles  off,  are  mainly 

*  It  is  also  suggested  by  finding  a  limestone  stratum 
aid  by  schist  with  quartzite  above  the  schist  at  one  point, 
n  another  not  far  aistant  by  quartzite  directly,  the  schist 
;  wanting.  This  kind  of  evidence  (to  be  given  in  detail  in 
Dntinuation  of  this  memoir)  is  not  as  positive  as  that  from 
t  observation  along  exposed  strata.  Direct  proof  of  the 
est  kind  exists,  as  I  have  seen,  in  the  quartzite  ridge  north- 
)f  Rutland,  Vt  (colored  as  quartzite  in  the  Vermont  Geo- 
il  map.  Rep.  of  1861) ;  the  schist  (here  mainly  hydro-mica 
>)  is  tne  prevailing  rock  of  the  ridge,  and  in  some  places  it 
s  in  the  course  of  a  hundred  yards  into  true  quartzite. 

transition  is  so  obvious  and  complete  that  no  occasion 
\  for  doubting  with  regard  to  analogous  transitions  in 
shire. 

ese  facts  at  the  first  thought  seem  strange.  But  we  take 
note  among  unaltered  stratified  rocks  of  the  change  along 
)edding  from  a  sandstone  of  purely  siliceous  sand  to  an 
re  sandstone;  or,  off  an  existing  seashore,  from  the  sands  of 
d-flat  to  the  mud  of  the  shallow  bottom  but  a  few  rods 
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distant ;  and  the  difference  we  find  in  the  Green  Mountain  rocki 

is  only   this  small   and   often   unim[jortant  distinctioD  made 
intensely  apparent  by  metamorphism. 

If  then  a  bed  of  rock  may  be  quartzite  in  one  part  and  mica 
schist  or  gneiss  in  another,  and  if  these  rocks  alternate  with 
one  another  in  the  way  mentioned,  Uiere  is  not  strictly  anj/ 
^varlzitA  formation  in  the  Greeii  Mountains;  for  the  formalioa 
IS  made  up  of  various  rocks,  and  quartzite  is  not  always  the 
predominant  one. 

The  kinds  of  rocks  in  the  region  under  discussion  have  hefln 
here  separately  described  with  some  detail  because  the  fiict  tg 
not  generally  appreciated  that  gneiss,  granitoid  gneiss,  coarse 
and  fine  mica  scniat,  hydro-mica  slate,  compact  garnet  rock, 
hornblende  slate,  chloritic  rocks,  as  well  as  qoartjcite,  soft  and. 
hard,  may  belong  to  the  Stockbridge  limestone  formation,  aod 
even  overlie  it.  Many  of  the  rocks  are  precisely  sueli  M  bfr' 
long  to  the  so-called  '■  Green  Mountain  Series,"  whiofa  ounft' 
has  beeu  pronounced  on  lithological  evidence  Uyhepre-SHari^ 
and  lluronian. 

I  have  collected  specimens  of  chloritic  mica  slate  from  tfas 
summits  of  Mt  Washington  in  the  Taconic  range:  of  Tom  1 
Ball;  of  the  Graylock  ridue,  near  South  Adams,  Mass  ;  of  ML 
Mansfield,  in  the  region  of  the  Green  Mountain  series  of  rocks 
in  Vermont;  and  from  the  ridge  two  miles  west  of  this  mW 
■(New  Haven,  Ct.),  which  are  ao  closely  alike  as  to  appear  aa  ij"  , 
broken  from  the  same  block  or  slab.  Are  these  all  of  the  same  ii 
age?  all  Huronian  or  pre-Si!urian?  or  all  Trenton  or  Hudson 
River  rocks  ?  I  have  found  staurolites  (which  Hunt  makes  as 
good  as  a  fossil  for  distinguishing  one  aeries  of  pre-Silurian 
rocks)  in  the  Taconic  alatea  of  Salisbury,  Conn.,  underlying 
directly  the  Canaan  limestone :  Is  the  rock  therefore  of  the 
White  Mountain  series  and  pre-Silurian  ?  I  have  seen  a  slate 
abounding  in  ataurolitea  alternating  with  hornblende  rock, 
gneiss  and  quartzite,  in  Vernon,  in  southeastern  Vermont,  but  a 
few  miles  north  of  the  Bernardston  region  of  either  Lotoer  Hehitr- 
berg  or  Devonian  quartzite,  slate  and  limestone  (crinoids  an  inch 
in  diameter  of  stem  occurring  in  the  beds),  and,  as  the  Vermonl 
Report  states,  the  quartzitesof  these  adjoining  towns  are  proba- 
bly the  same  rock :  Are  t/iese  beds  of  the  White  Mountain  series 
and  II re- Silurian  ? 

We  learn  from  the  facta  how  much  virtue  there  is  in  lithoiogT 

for  determining  the  equivalency  of   metamorphic   rocks.    It 

may  afford  a  quick  answer  to  hard  questions,  but  its  answer  ia 

worth  very  little  unless  otherwise  abundantly  fortified. 

[To  be  wntiiiued.] 
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Art.  XLIIL — On  the  nature  awl  duration  of  the  dwcharge  of  a 
Leyden  Jar  connected  with  an  induction  coil ;  br  Oqdbn  N. 
Rood,  Pro£  of  Phjsica  in  Cotuoibia  College,     fart  IIL 

(COI10lDd«d.) 

Form  and  duration  of  the  discharge  of  the  email  jar  toitk  braaa 
balls  as  electrodes. 
The  form  of  the  discharge  under  these  circumstances  was 
more  complex ;  the  Buccession  of  acts  being  generally  as  fol- 
lows :  first,  an  instantaneous  spark,  which  was  followed  by  a 
pale  violet  discharge,  lasting  \a  sihalt  fraction  of  a  second ; 
afterward  came  a  series  of  instantane- 

Iou?  sparks  whose  number  diminished 
as  the  striking  distance  became  great- 
er. Fig.  5  shows  about  the  appear- 
ance with  the  mirror,  fig.  6,  witn  the 
disc,  the  latter  giving  more  reliable 
information  regarding  the  actual  num- 
.  ber  of  discharges.  The  length  of  the 
simple  induction  spark  in  these  ex- 
periments was  576  millimeters. 

Striking  distance  1  miliimeltr. —  The 
I  total  duration  was  somewhat  varia- 
ble ;  the  average  of  the  experiments 
were, 

Average  with  the  mirror, -0247  sec 

"        "      "   disc, 0276    " 

Final  average, •0261    " 

The  portion  A  B,  figs.  5  and  6,  consisted  of  from  ten  to 
twenty  instantaneous  spark."*,  its  duration  varying  with  the 
number  of  included  discharges.     Disc  observations  gave  for 

Maximum   duration,  of  AB, ■0119  sea 

Medium  "        "    "      -0090    " 

Minimum  "         "     "     ■0053    " 

Taking  then  -OOdO  as  the  medium  duration,  and  fifleen  as  the 
medium  number  of  discharges,  we  have  for  the  average  interval 
separating  the  individual  sparks  '0006  see.  This  will  give  for 
the  medium  duration  of  the  violet  portion  CA  -017  sec. 

Other  forms. — A  quite  different  form  was  sometimes  present, 
like  that  in  fig.  7,  and  consisting  of  a  feint  violet  streak  termin- 
ated at  each  end  by  an  instantaneous  spark,  the  duration  being, 
-026  se&  to  -030  sec. 
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"f-  These,  ftom  tbdr  nrity,  wore  t 

little  diffionlt  to  stady,  aad  I  un  not 
sure  that  in  all  caseB  the  set  mi 
terminahd  by  a  spariL  The  riokt 
streak  was  or  cooise  invinble  in  ^' 


experiments. 

Sinking  disianee  2  mtUimekra* — ^The  fonn  was  the  same  ai 
fig.  6,  but  the  dimensions  were  soniewhat  reduced. 

Total  duration  with  mirror, "01880  sea 

"     disc, -01588    " 

Avera^ 01709  " 

Average  duration  of  portion  AB,  . . .  •• -006   " 

The  other  form  (fig.  7)  also  sometimai  oecnmd  with  a  dun- 
tion  of  027  sec 

Striking  distance  8  mtZZtmefer^.— The  fisnn  was  still  the  same ; 
the  portion  AB  consisting  sometimes  of  only  three  or  ftw 

sparks,  but  often  of  eight  or  ten. 

Total  duration  with  mirror, 0124 

"        disc, 0126 

The  form  of  fig.  7  sometimes  occurred,  apparently  with  a 
duration  about  twice  as  great  as  that  just  given. 

Striking  distance  4  miUimeters. — The  form  was  sometimes  the 
same  as  those  just  given,  but  more  often  consisted  solely  of 
a  compact  series  of  from  four  to  six  instantaneous  sparks. 

Duration  with  four  sparks, O043  sec  )    i- 

**    six         "       0082    "    j  ^^^• 

Striking  distance  5  millimeters. — Merely  two,  three  or  four 
isolated  sparks. 

Average  total  duration, O085  sec  (disc).- 

Striking  distance  6  miUimeters, — Same  form  as  the  last, 
Average  total  duration, O025  sec.  (disc). 

Striking  distance  7  millimeters. — Two,  three,  rarely  four  sparks. 
Average  total  duration, O018  sec  (disc). 

Striking  distance  8*75  millimeters. — Only  two  sparks,  one  quite 
faint.     Interval  between  them  O009  sec  (disc). 

Striking  distance  10  millimeters, — One  spark;  seldom  two. 
10*75  was  the  maximum  striking  distance;  at  it,  and  half  a 
millimeter  under  it,  only  a  single  spark  was  produced. 

Fo)*m  and  duration  of  the  discharge  of  the  small  jar  with  plati- 
num points  as  electrodes. 

The  length  of  the  simple  induction  spark  was  58  millimeters. 
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Striking  distance  1  millimeter. — The  form  varied  considerably, 
three  or  four  different  kinds  being  mingled.  The  simplest 
form  consisted  of  ten  or  twelve  instantaneous  sparks  following 
each  other  at  a  pretty  regular  interval,  which  increased  some- 
what toward  the  close  of  tne  act  This  kind  of  discharge  pro- 
duced a  short  hissing  sound  like  that  obtained  by  thrusting  a 
red  hot  wire  in  cold  water,  and  its  presence  could  be  detected 
by  the  ear  alone.  The  total  duration  of  this  form  was  subject 
to  considerable  variation ;  below  I  give 

The  greatest,      0099  sec. 
"  least,  -0087    " 

''  medium,     0068    " 

The  last  quantity  was  not  obtained  as  the  mean  of  the  other 
two,  but  is  the  average  of  eleven  distinct  experiments  with  the 
disc  and  mirror.  These  I  give  as  a  sample  of  the  variation  in 
the  results  sometimes  obtained  in  these  experiments,  the  discord- 
ance being  mainly  due,  not  to  the  methods,  but  to  the  pheno- 
menon itself 

*0047  mirror  and  compasB. 
•0099    **        "  " 

•0064     «*«<«* 

•0047  "        "    mercury  tube. 

•0064  "        "  "  " 

•0074  disc. 

•0092  " 

•0079  " 

•0037  " 

•0085  « 

•0063  " 

Average        '0068 

If  we  take  the  average  number  of  sparks  as  ten,  we  shall 
have  for  the  average  interval  separating  them  -0007  sec.,  that 
is,  these  sparks  were  generated  at  the  rate  of  1428  per  second. 
I  suppose  that  a  combination  of  ten  or  fifteen  of  them  would 
be  suflScient  to  render  the  ear  sensible  of  the  tone  produced ; 
but  owing  to  the  irregularity  of  their  position,  instead  of  fur- 
nishing an  approximation  to  a  musical  tone,  the  sound  resem- 
bled rather  that  of  the  combination  of  the  consonants,  ST. 
Bv  swiftly  drawing  a  card  or  piece  of  thin  sheet  brass  over  the 
eoge  of  an  irregularly  notched  plate  of  brass,  this  sound  could 
be  imitated. 

Other /arms. — Quite  often  the  discharge  was  like  that  given 
in  fig.  7,  with  a  total  duration  of  017  sec  More  rarely  the 
form  in  fig.  5  was  produced,  but  I  could  obtain  no  good 
measurement  of  it  In  one  case  its  average  duration  was 
doubtfully  estimated  to  be  O05  sec 
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/Striking  diaktnee  2  mHlimeiars. — ^Farm  was  genenllj  like  fi^ 
4^  merely  ten  or  twelve  instantaneous  spain;  totddomtaoi 
<)076  sec.    Sometimes  forms  like  flg.  7  were  seea 

Striking  distance  8  miOimetere, — ^Like  the  last|  with  perhap 
twenty  sparks;  total  duration  O088  sea  Forms  like  flg.  7  wen 
sometimes  seen. 

Striking  distance  4  millimeters. — ^Fifteen  or  twenty  qMurks; 
total  duration  -0081  sea 

Striking  distance  6  millimeters. — ^Form  same  as  the  last ;  num- 
ber smaller ;  total  duration  -0078  sec. 

Striking  distance  7  milUmekrs — Same  form;  total  duiaticm 
•00«7  sec 

Striking  distance  9  millimeters. — ^Form  the  same ;  total  dim- 
tion  -OMO  sec. 

Striking  distance  10  milHmders, — Same  form ;  total  dnimti(Mi 
.004«  sec. 

Striking  distance  12  millimeters. — Same  form  still ;  only  four 
or  five  sparks  ;  total  duration  -0041  sec. 

Striking  distance  15  milli'meters, — Like  the  last,  consisting  of 
two  or  three  sparks,  total  duration  -0020  sec. 

The  maximum  striking  distance  was  24*5  millimeters,  when 
the  discharge  consisted  of  only  a  simple  instantaneous  spark, 
and  this  was  true,  down  to  distances  as  small  as  21  millimeters. 

It  will  be  noticed  that  the  total  duration  of  the  discbarge  in 
these  experiments  was  not,  as  formerly,  a  maximum  at  the 
smallest  striking  distance,  but  became  so  at  8  millimeters, 
which  I  am  disposed  to  account  for  by  the  circumstance,  that 
at  the  smaller  striking  distance,  many  of  the  heavier  dischai^ 
assumed  the  form  of  figure  7.  Some  general  correspondence 
between  the  results  with  brass  balls  and  platinum  points  will 
also  be  noticed. 

These  experiments  show  that  a  single  excitation  of  the  coil 
supplies  sufficient  electricity  to  repeatedly  charge  jars  of 
moderate  or  small  dimensions,  this  happening  not  only  on 
account  of  the  amount  of  electricity  generated,  but  also  because 
the  act  of  its  production  is  spread  out  over  a  certain  interval 
of  time.  In  this  connection,  then,  it  becomes  of  interest  to 
examine  and  measure  this  interval  in  the  absence  of  the  jar» 
and  to  ascertain  its  relation  to  the  total  duration  of  the  multi- 

Ele  discharges  which  have  just  been  described.  It  has  long 
een  known  that  the  simple  induction  dischai^e  consists  of  an 
instantaneous  spark  which  is  followed  by  a  violet  light,  the 
latter  lasting  during  a  rather  large  fraction  of  a  second  Thifl 
is  called  the  aureolj  and  has  been  studied  by  seyeral  physieista 
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As  their  results,  nevertheless,  would  have  no  particular  applica- 
tion to  the  matter  in  hand,  I  made  a  new  set  of  experiments 
with  the  same  apparatus,  using  also  the  same  electrodes  and 
battery. 

Duration  of  the  aureol  with  brass  balls  as  electrodes. 
Striking  distance.  Duration. 

1  millimeter.  '026  sea 

2  "  -016  " 

3  «  -012  " 

4  "  -009  " 

5  "  -006  « 

At  a  striking  distance  of  ten  'millimetera  the  aureol  was  not 
visible.  The  light  of  the  aureol  corresponding  to  one  of  the 
electrodes  was  violet,  that  due  to  the  other  had  a  hue  approach- 
ing red.  With  small  striking  distances  the  two  streaks  were 
in  contact,  but  separated  as  the  distance  between  the  electrodes 
was  increased. 

Duration  of  the  aureol  with  platinum  pointt  as  electrodes,  the 
length  of  the  simple  induction  spark  being  48*7  millimeters. 

Striking  distance.  Duration. 

1  millimeter.  022  sec. 

2  "  '020     " 
8         "  -018     " 

10         "  Oil     " 

With  ten  millimeters  only  one  of  the  streaks  was  visible ;  as 
before,  they  were  red  and  violet 

In  both  of  these  experiments  the  duration  of  the  aureol 
increases  as  the  striking  distance  diminishes,  and  it  is  evident 
that  with  distances  under  a  millimeter  still  greater  durations 
would  probably  be  obtained.  Now  while  the  durations  in 
these  experiments  for  a  striking  distance  of  one  millimeter  do 
not  represent  the  actual  time  during  which  the  induction  cur- 
rent flowed  into  the  jar»  they  do  prove  that  it  occupied  at  least 
as  great  an  interval  as  "026  sec.,  which  is  the  maximum  dura- 
tion of  the  multiple  discharges  described  in  this  paper. 

The  general  result  obtained  in  these  experiments  may  then 
be  summed  up  as  follows :  if  a  Leyden  jar,  of  a  selected  size, 
with  a  fixed  striking  distance,  be  connected  with  an  induction 
coil,  the  act  of  exciting  the  coil  will  charge  and  discharge  it  at 
once;  as  the  size  of  the  jar  is  diminished,  it  will  be  charged 
and  discharged  oftener,  and  the  aureol  will  begin  to  naingle 
itself  with  the  spark  discharges,  and  as  the  size  still  further 
diminishes,  will  finally  replace  all  of  them  except  the  first;  for 
it  is  evident  that  we  may  regard  two  brass  balls,  with  an  inter- 
vening layer  of  air  a  millimeter  thick,  as  a  minute  Leyden  jar, 
lepresentmg  the  last  of  the  series. 
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The  combinatioa  of  the  wireol  or  violet  dieeliaig*  with  Urn 

multiple  sparks,  is,  I  think,  to  be  explained  thas :  the  fiol 
spark  heats  and  rarefies  the  air  between  the  eleotaodeB;  if  tlm 
the  electric  current  is  furnished  with  sufficient  lupiditjr  bj  ibe 
coil,  the  tension  of  the  electricity  in  the  iar  may  riae  Buffidenllj 
for  a  discharge  through  the  ranfied.  air  before  it  can  oool  down, 
and  thus  produce  the  violet  light  This  state  of  things  would 
continue  till  the  electricity  b^zan  to  be  furnished  more  slowly 
by  the  coil,  when  it  would  result  that,  the  air  between  the  elec- 
trodes having  time  to  cool  down  would  no  longer  permit  the 
electricity  to  pass  through  it  in  an  unbroken  stream,  but  would 
compel  It  to  dischaige  itself  in  sparka  According  to  this  idea 
the  successive  sparks  ought  to  be  separated  by  a  gnduaUj 
increasing  interval,  and  this  indeed  appears  to  be  the  caae^  the  rise 
of  the  separating  interval  being  jMrticularlv  stroQglT  marked 
toward  the  close  of  the  total  act  Brass  balls  &vor  this  mixed 
form  of  discharge,  perhaps,  by  confining  the  air  to  a  oectun 
extent,  -aQd  thus  preventing  it  from  cooung  down.  Platinum 
points  can  have  no  such  influence,  and  with  them  thia  pheno- 
menon is  rare.  With  the  laiger  jar  it  never  occurred,  aa  the  air 
was  always  able  to  cool  down  before  the  electric  tension  had 
sufficient  time  to  rise  in  its  larger  surface,  so  as  to  warrant  a 
discharge.  With  the  small  jar  and  longer  striking  distances, 
the  violet  light  was  not  produced  for  an  analogous  reason,  and 
also  perhaps  because  the  air  was  less  confined. 

In  using  the  multiple  sparks  for  investigations  where  an 
instantaneous  illumination  is  required,  the  presence  of  the 
aureol-like  discharges  cannot  occasion  trouble,  owing  to  their 
slight  luminosity  and  large  duration,  the  latter  being  enormous 
when  compared  with  that  of  the  spark.  In  the  experiments 
described  m  the  second  part  of  this  paper,  this  violet  light  was 
never  visible  although  it  must  often  have  been  present,  and  I 
was  enabled  to  make  the  determinations  here  given  only  by  a 
reduction  of  the  distance  between  the  mirror  and  the  ground 
glass,  and  the  use  of  a  lens  of  vastly  larger  angular  aperture. 
The  large  number  of  sparks  (15  or  20),  ^ven  by  the  small  jar 
with  a  suitable  striking  distance,  is  aamirably  adapted  for  cer- 
tain purposes  of  investigation,  and  enables  the  experimenter 
to  dispense  with  arrangements  for  controling  the  moment  at 
which  the  discharge  take  splace.  If  single,  non-multiple  sparks 
are  desired,  the  indications  I  have  given  will  readily  guide  to 
their  production,  it  being  always  preferable  to  test  witfi  a  revolv- 
ing disc  making  fifteen  or  twenty  revolutions  per  second,  and 
provided  with  a  small  open  sector  of  i®. 

I  will  also  call  the  attention  to  the  circumstance  that  where 
Leyden  jars  in  connection  with  induction  coils  have  been  used 
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in  experiments  on  binocular  vision,  etc.,  the  results  are  not  to 
be  relied  on  as  having  been  obtained  with  an  instantaneous 
illumination,  as  is  abundantly  shown  by  the  large  total  dura- 
tions so  often  met  with  in  this  investigation. 

Finally,  by  the  use  of  large  rotating  discs,  these  multiple 
discharges  can  readily  be  exhibited  to  moderate  sized  audiences. 

New  York,  June  29th,  1872. 


Art.  XLIV. — On  the  Allegheny  System  of  Electric  Time  Sig- 
nals ;  by  Pro£  &  P.  Langley. 

The  necessity  of  a  uniform  standard  of  time  for  the  railways 
of  the  United  States  is  one  which  is  growing  into  importance 
with  the  increasing  extent  of  our  railway  system ;  and  we  are, 
ere  long,  in  this  country,  to  be  called  on  to  settle  for  ourselves 
a  practical  problem  which  has  already  been  solved  in  England, 
and  which  is  beginning  to  make  its  demand  for  solution  upon 
the  managers  of  our  railroads. 

Since  past  experience  shows  that  their  probable  adoption  of 
a  new  and  common  standard  will  introduce  it  to  public  notice 
and  discussion,  and  then  to  adoption  by  cities  ana  individuals, 
it  is  desirable  that  this  should  not  be  done  without  the 
direction  which  intelligent  scientific  cooperation  will  give  to  a 
movement  originated  by  the  demands  of  intercontinental 
traffic.  As  few  are  aware  how  generally  this  cooperation  has 
already  been  invoked,  nor  to  what  extent  the  public  is  indebted 
to  observatories  for  increased  security  of  transit,  it  has  seemed 
that  an  account  of  what  has  been  done  in  this  direction  in  any 
one  of  them  would  be  of  interest 

The  earliest  introduction  of  the  system  of  electric  automatic 
transmission  of  time-signals,  on  an  extended  scale,  appears  to 
be  due  to  the  observatory  of  Greenwich. 

The  Astronomer  Royal,  with  Mr.  C.  V.  Walker,  commenced 
their  use  in  1852,  carrying  for  that  purpose  special  wires  on  the 

Ejles  of  the  South  Eastern  Railway  from  Greenwich  to  London 
ridge.  The  subsequent  extension  of  the  use  of  Greenwich 
time  under  this  system  has  been  almost  universal  throughout 
the  United  Kingdom,  the  observatories  of  Glasgow  and 
Liverpool,  under  the  direction  respectively  of  Professor  Grant 
and  Mr.  Hartnup,  as  well  as  that  of  Edinburgh,  having  taken 
part  in  bringing  it  to  its  present  condition  of  utility.  For  an 
instructive  and  very  full  description  of  the  methods  employed 
at  Greenwich,  reference  may  be  made  to  an  article  in  the 
Hopological  Journal  for  April,  1865,  by  W.  Ellis,  Esq., 
F.RAS.,  to  whom,  as  to  all  the  gentlemen*^  named,  the  writer 
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has  been  indebted  for  much  kindlj-given  information  on  the 
results  of  their  long  exoerience. 

Although  the  introauction  of  the  plan  in  this  country  has 
been  comparatively  recent,  the  number  of  American  obser 
vatorics  wliich  thus  distribute  time,  is  so  considerable  that  tbe 
most  partial  account  of  their  methods,  and  the  extent  of  their 
work,  would  exceed  the  limits  of  such  an  article  as  the  present 
In  this,  the  only  arrangements  described  are  those  in  use  at  the 
Allegheny  Observatory,  with  which  the  writer  has  become 
familiar  from  the  responsibility  of  their  initiation  and  superin- 
tendence. It  is  proper  to  add,  that  were  he  writing  a  history  of 
the  progress  of  electric  time  signals  in  the  United  States,  other 
observatories  which  have  before  employed  not  dissimilar  means, 
would  receive  earlier  mention,  and  that  his  own  part  in  intro- 
ducing these  signals  at  the  Allegheny  Observatory  has  been 
less  the  contribution  of  any  novel  device,  than  an  adaptation  of 
what  seemed  the  best  features  of  plans  in  use  a1:Mx>ad,  their 
arrangement  in  a  form  adapted  to  the  needs  of  American 
railways,  and  the  supervision  of  their  application  to  the  wants 
of  cities  and  individuals. 

In  doing  this,  a  great  number  of  ingenious  devices  have  been 
examined,  and  if  the  system  to  be  de^scribed  appears  to  be  one 
of  the  simplest,  it  has  yet  been  reached  only  alter  much  care 
in  setting  aside  all  which  would  not  bear  the  test  of  pmctical 
trial. 

The  subject  was  first  specially  considered  at  the  Alleglienj 
Observatory  some  three  years  since,  and  a  plan  was  ai'^angetl  tor 
the  manat^crs  of  the  Pcnnsvlvania  Central  Railroad  in  18rt9. 
Previously  to  this,  however,  at  the  request  of  some  Jeweller?  of 
Pittsburg,  the  time  had  been  transmitted  to  their  stores,  at  a  dis- 
tanec  of  some  miles  from  the  observatory.  The  system  now 
deseribcd  has  been  in  use  for  nearly  three  years,  in  "^furnisliine 
the  Pennsylvania  Central  Railroad  with  its  official  standan;!  of 
time ;  and  by  it  the  time  is  now  sent  daily  to  Philadelphia  on 
the  east,  as  far  as  Lake  Erie  on  the  north,  and  to  Chicago  on  the 
west,  regulating  the  clocks  on  a  number  of  minor  roads  f»ver 
whose  wires  it  goes,  as  well  as  on  those  of  the  principal  south- 
ern lines  connecting  the  Atlantic  with  the  Mississippi.  Thus 
passing,  as  it  does,  over  several  thousand  miles  dailv,  it  is 
believed  to  be  at  present  one  of  the  most  extended  svstenia  of 
time  distribution  m  the  world. 

The  observatory  is  on  the  summit  of  the  ascent  on  the  north- 
ern side  of  the  valley  of  the  Ohio,  about  two  miles  in  a  direct 
line  from  the  ofBces  of  the  Western  Union  Telegraph  Companv 
in  Pittsburg,  and  rather  more  from  those  of  the  PennsylvuDik 
Central,  and  Pittsburg,  Fort  Wayne,  and  Chicago  roads.  It  is  con- 
nected with  these  points  by  three  independent  lines  of  telegraph. 
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One  of  these  runs  to  the  Western  Union  offices,  arid  thence 
to  the  stores  of  a  considerable  number  of  jewelers  in  Pittsburgh. 
This  is  called  the  "Jewelers*  line."  The  second,  connecting 
the  observatory  through  the  offices  mentioned  with  Eastern 
Pennsylvania  and  New  Jersey  Railways,  and  also  with  Chicago, 
is  known  as  the  **  Railroad  hne."  The  third,  consisting  of  a 
double  wire  or  "  loop,'*  communicating  with  the  city,  is  em- 
ployed occasionally  for  the  observatory's  own  messages,  and 
when  (as,  for  instance,  in  longitude  determinations)  it  is  wished 
to  send  sidereal  time,  without  interrupting  the  regular  trans- 
mission of  signals  from  the  mean-time  clock.  In  the  transit 
room,  in  the  western  wing  of  the  observatory,  are  kept  the 
sidereal  clock  by  Frodsham,  of  London,  and  the  principal  mean- 
time clock  by  floward,  of  Boston. 

On  the  escape-wheel  arbor  of  this,  the  standard  mean-time 
clock,  and  turning  With  it,  once  a  minute,  is  a  wheel  cut  with 
sixty  sharp  radial  teeth,  of  which  those  corresponding  to  the 
60th,  51st,  62d,  53d,  54th  and  59th  seconds  of  the  minute  have 
been  removed  by  a  file.  Near  the  clock  is  a  "  repeater,"  the 
circuit  through  whose  coils  passes  through  a  local  battery, 
through  a  second  clock  in  tlie  computing  room,  and  then 
through  the  standard  clock.  Each  wire  terminates  in  a 
delicate  spring,  close  by  the  wheel  iust  mentioned.  While  the 
extremities  of  these  springs,  which  are   shod   with  gold  and 

E latin  urn,  rest  in  contact,  tne  circuit  is  unbroken ;  it  is  opened 
y  the  minutest  lifting  of  one  from  the  other,  and  tnis  is 
effect'ed  automatically  by  means  of  a  ruby  attached  to  one  of 
them,  and  placed  within  reach  of  the  wheel  above  mentioned. 
As  each  of  these  teeth  passes,  the  ruby,  and  vrith  it  the  spring, 
IB  lifted  through  a  minute  distance.  (Not  in  practice  more  than 
one  one-hundredth  of  an  inch,  and  usually  much  less.)  Once  a 
second,  therefore,  the  circuit  is  opened  during  a  period  of  prob- 
ably less  than  a  twentieth  of  a  second,  and  as  the  wheel  ad- 
vances a  tooth  with  each  \dbration  of  the  pendulum,  the 
armature  of  the  repeater  is  raised  each  second  of  the  minute, 
until  the  49th  is  completed. 

Since  the  teeth  corresponding  to  the  next  .five  seconds  have 
been  filed  away,  during  those  seconds  the  jewel  is  not  touched, 
nor  the  circuit  opened.  The  consequent  silence  of  the 
"  repeater's**  beats  draws  attention  to  the  fact  that  the  end  of 
the  minute  is  approaching,  its  completion  beinff  indicated  by 
the  short  pause  caused  by  the  absence  of  a  tootli  at  the  59tn 
second. 

This  action  is  repeated  in  every  minute  of  the  twenty-four 
hours  without  variation.  The  particular  second  is  thus  iden- 
tified, but  one  minute  is  (so  far  as  the  action  of  the  standard 
dock  is  concerned)  not  distinguished  from  another.     To  do 
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this  is  the  work  of  the  sabsidiaiy  doek  in  the  oomputivg  noin, 
through  which  the  kx»l  wires  are  led,  as  has  been  meiitMNieL 
This  subsidiary  clock  (made  bj Howanl  of  BoBtoii)]iiaTbe eaDed 
for  distinction  the  "  joameymaiiy"  and  its  principal  offioe  la  not 
to  give  the  time»  but  to  interrupt  the  oiiooit  wbich  it  does  on  or 
near  the  completion  of  the  58th  minute,  ctosing  it  again  aboot 
half  a  minute  oefore  the  completion  of  the  boor.  Wbenthecu*- 
cuit  is  opened  by  the  journeyman,  the  repeater  ia  silent  fcr  a 
minute  and  a  half ;  when  it  is  dosed,  the  standard  iaagun  beud 
ticking  on  the  repeater,  and  the  ensuing  short  panae  eYidenil^ 
precedes  the  first  second  of  the  first  minute  of  the  bcvnr.  Tb 
time  is  thus  wholly  derived  from  the  standard  dock,  and  is 
independent  of  an  j  other,  the  journeyman  having  no  power  to 
control  or  in  any  way  react  upon  tlie  primary,  and  bong  able 
only  to  interrupt  Uie  messagje  it  sends;  not  to  fidsify  ibem. 

The  mechanism  for  effecting  the  transmisoon  of  the  time  iv 
essentially  that  already  described,  but  more  is  needed  to  ensme 
against  possible  interruption.  This  may  oocor  fiomi  sevenl 
causes,  prominently  from  oxidation  of  the  platinnm  or  gdd 
contact  surfaces ;  when  Ibe  current  mnst  be  mtorrapted  wafls 
they  are  cleaned,  if  there  be  no  other  clock.  To  meet  this  con- 
tingency, a  chronometer  of  peculiar  construction  was  made  for 
the  observatory  by  Frodsham.  It  resembles  the  ordinary  nu^ 
rine  chronometer  in  external  appearance,  but  contains  in  minia- 
ture the  apparatus  for  breaking  circuit  already  described,  the 
wheels  being  cut  so  as  to  give  the  same  signal  of  the  approsch- 
ing  end  of  the  minute,  as  the  standand  clock.  The  peculiarity 
consists  less  in  this,  however,  than  in  a  device  by  means  of 
which  it  can  be  caused  to  gain  or  lose  any  fractional  part  of  a 
second,  or  any  number  of  seconds,  without  being  stopped,  and 
without  anv  disturbance  of  its  normal  rate,  except  wnile  the 
change  is  being  effected.  This  chronometer  is  to  replace  the 
prime  clock  in  the  circuit,  during  any  temporary  stoppage  of 
the  latter  for  repair  or  adjustment 

The  mechanism  which  has  just  been  described,  acts  in  con- 
nection with  the  local  circuits  of  the  observatory ;  one  battery 
being  employed  for  the  sidereal  clock  and  chronograph,  and 
another  for  the  mean-time  standard.  Any  interruption  of  the 
main  external  circuits  is  shown  at  once,  by  the  action  of  a  gal- 
vanometer in  each,  which  makes  an  audible  and  visible  signal 
when  the  circuit  is  opened.  The  accessory  apparatus,  such  as 
batteries,  relays,  switch-boards  and  so  forth,  which  are  used 
in  every  tel^raph  oflSce,  it  will  be  superfluous  to  describe  here 
in  detail,  but  before  following  the  operation  of  the  electric  cnr 
rent,  outside  the  observatory,  it  will  be  well  to  speak  of  the 

^i.^j   ^jjj^jj  ^  he&DL  adopted  as  likely  to  ensure  mort 
in  the  time  keepers  wnich  control  it. 
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The  transit  instrument  in  the  western  wing,  is  of  four  inches 
aperture,  and  with  it  and  the  chronograph,  observations  for 
time  are  made  on  every  fair  night  of  the  year,  except  on 
Sunday,  when  if  complete  determinations  have  been  made  on 
the  preceeding  night,  none  are  taken.  The  instrument  is  of 
sufficient  power  to  follow  the  principal  Nautical  Almanac  stars 
in  the  day,  and  these  are  used  (or  more  rarely  the  sun),  when 
the  weather  permits,  if  the  usual  night  observations  have  been 
missed.  From  three  to  six  stars  are  customarily  taken,  the 
azimuthal  error  of  the  instrument  being  found  from  the  obser- 
vations of  each  night,  after  the  other  corrections  are  applied, 
and  the  results  determined  from  the  chronograph  and  the  side- 
real clock.  The  mean  error  in  the  resulting  aetermination  of 
the  sidereal  clock  correction,  is  from  three  to  four  hundredths  of 
a  second,  but  it  cannot  be  assumed  that  that  of  the  mean  time 
standard  is  known  within  these  limits,  except  at  the  time  that 
the  observations  are  freshly  made. 

It  may  be  desirable  to  point  out  where  the  system  pursued 
here  differs  from  that  in  which  a  few  signals  are  sent  at  stated 
hours,  as  at  GreenwicL  In  the  case  of  the  time  ball  for 
instance,  dropped  daily  by  a  clock  at  Greenwich  mean  noon, 
it  is  customary  to  compare  the  mean  time  clock  which  drops  it, 
with  the  sidereal  time  a  few  minutes  before  twelve.  If  it  (the 
operating  clock),  be  slow,  it  is  caused  to  gain,  and  if  fast, 
caused  to  lose,  an  amount  needed  to  bring  it  to  coincidence 
before  the  automatic  action  gives  the  signal. 

The  time  of  this  signal  is  nominally  ex^t,  but  in  feet  in- 
volves the  variations  in  rate  of  the  standard  clock  or  clocks, 
which  are  treated  in  the  comparison  as  having  their  errors  abso- 
lutely known.  It  is  by  no  means  meant  to  criticise  this  pro- 
cedure, but  to  point  out  that  as  error  must  exist  where  the 
rates  of  the  clocks  are  treated  as  constant  in  the  intervals 
between  observation,  no  less  real  accuracy  is  reached  in  the 
method  employed  here,  in  which  (as  the  signals  are  being  con- 
stantly sent)  the  signalling  clock  has  no  less  nominal  error  at 
noon  (for  instance),  than  at  anv  other  hour. 

When  the  sidereal  clock  has  entered  its  beats  upon  the 
chronograph  during  the  time  of  observation,  the  record  is  not 
interrupted  until  the  mean  time  standard  having  been  put  into 
the  same  circuit,  both  clocks  have  automatically  entered  their 
time  on  the  sheet  together,  and  the  break-circuit  chronometer 
has  done  so  also.  The  sheet  being  removed,  and  the  breaks  of 
the  transit  observer  measured,  the  comparison  of  the  various 
clocks  with  electric  attachments  are  taken  by  measurement  on 
the  same  sheet,  and  the  others  compared  with  the  sidereal  clock 
bv  noting  coincidence  of  beats  by  ear.  The  resulting  errors  of 
all  are  then  determined,  reduced  to  a  common  epoch,  and  entered 
in  a  permanent  record  kept  for  the  purpose  in  the  following  form, 
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(AT,  <H,  being  the  woal  symbobi  for  the  leqpeotivtt 
of  error  and  rate)  : 

Sidereal  dock,            +      7*-88  +r-l8 

Break-oirooit  chronr.  +8**22**18  -f  8'-80 

Chron.8242,                +      50**00  +8**]1 

Mean  time  standard  -      00**27  -H>**48 

The  mean  time  clock  is  here  (^"27  fistat  bj  aotaal  ofaaervatioD, 
but  when  the  next  comparison  is  made  the  fbllowing  moniiiig 
(at  21  hours),  its  error  can  usually  be  obtained  odIj  by  oodi|W- 
iaon  with  another  dock.  If  it  be  compared  with  emoh  of  die 
other  clocks  in  turn,  each,  owing  to  the  variations  of  its  mto 
during  the  night,  will  probably  give  a  sliffhtly  di£forent  nsoUi 
but  supposing  all  the  time-keepers  equaOy  reliable^  the  prob- 
able error  wiU  be  less,  in  taking  the  mean  of  the  foor,  thu  hj 
any  single  one. 

The  above  corrections  for  error  and  rate  having  been  applied 
to  the  sidereal  clock ;  a  comparison  is  taken  with  it  in  the  morn- 
ing, and  the  resulting  time  of  the  mean-time  clock  noted,  on 
the  assumption  that  the  sidereal  clock  ia  an  exact  standanL 
The  same  comparison  is  made  with  each,  after  the  respective 
corrections  ana  rates  have  been  applied,  each  being  succes- 
sively treated  as  an  independent  standard. 

The  results  will  then  be  entered  in  this  form. 

18'72.     August,  10^  21^ 

Error  of  mean  time  standard,  *  0**10  (by  sidereal  clock.) 

"  "        "  "  —  0*-06     "  break-<;ircuit  chion*r. 

"  <^        <^  ^^  -f  0»-l  I     "   chron'r  3242. 


The  mean  or  *'  adopted  **  error  of  the  mean  time  standard  is  then 

— =  -  0»-04. 

In  the  absence  of  any  more  absolute  criterion,  the  time  of 
the  standard  in  this  instance  is  assumed  to  be  four  one  hun- 
dredths of  a  second  iast,  and  this  value  is  adopted  and  treated 
as  though  it  represented  an  error  determined  by  direct  com- 
parison with  the  stars.  The  clock  will  be  compared  again  at  9 
m  the  evening,  and  when  this  "adopted  error"  exceeds  0^'25, 
such  a  change  is  made  in  the  pendulum  as  will  correct  the  error; 
not  abruptly,  but  gradually  during  the  ensuing  twelve  hours. 

It  is  of  course  impracticable  to  stop  the  clock  and  raise  or 
the  adjusting  screw  twice  daily  for  such  minute  correcti(»QS, 
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and  many  ingenious  devices  have  been  proposed  for  effecting  the 
change  without  stopping  the  instrument.  One  of  these  as 
applied  to  a  chronometer  has  already  been  referred  to  ;  another 
(employed  at  Greenwich)  involves  the  use  of  a  small  bar  mag- 
net permanently  attached  to  the  pendulum,  and  swinging  with 
it;  and  still  another,  the  changing  tension  of  a  long  spiral 
spring  which  connects  the  "  bob"  with  the  clock-case. 

After  considering  many  such  plans,  that  adopted  was  the  old 
one  familiar  to  most  observers,  of  placing  weignts  on  the  top  of 
the  bob  of  the  pendulum,  and  then  adjusting  the  bob  by  the 
screw  till  it  runs  with  them  approximately,  after  which  a  small 
increment  or  decrement  of  the  weights  wjll  keep  the  clock 
under  control  This  plan  has  the  advantage  of  employing  as 
an  agent,  gravity,  whose  effects  can  be  reckoned  on  with  more 
certainty  than  those  of  electricity,  or  the  tension  of  a  spring. 
lu  common  with  the  others  it  has,  however,  as  commonly  em- 
ployed, the  defect  that  when  changes  are  made  daily  or  onener, 
the  rate  of  the  clock  cannot  be  ascertained,  and  that  reliance  must 
be  placed  at  the  times  of  comparison  only  on  other  clocks  whose 
rates  are  undisturbed.  The  writer  has,  therefore,  found  it  advan- 
tageous to  use  these  weights  quantitatively,  by  making  them  of 
a  size  such  as  to  cause  a  gain  of  1  second  a  day ;  "H)!  an  hour, 
etc  Weights  representing  three  or  four  seconds  are  kept  on 
the  top  of  the  bob,  so  that  their  removal  will  retard  the  clock 
if  desired  to  that  amount 

A  record  is  kept  in  which  the  comparisons  in  the  tabular 
form  above  given  are  entered  twice  daily,  the  amount  of  the 
weights  and  the  consequent  rate  which  the  clock  so  controlled 
would  have  had  with  an  undisturbed  pendulum,  being  noted 
likewise. 

The  barometer  and  clock-case  thermometer  are  also  read 
twice  daily  for  the  purpose  of  laying  down  curves  representing 
the  separate  effects  of  temperature  and  pressure.  Another  curve, 
whose  ordinates  represent  the  algebraic  sum  of  the  correspond- 
ing ordinates  of  the  first  two,  shows  the  combined  results  of^both, 
for  comparison  with  still  another  representing  the  clock  rates. 
These  are  chiefly  useful  in  the  occasionally  long  intervals  of 
cloudy  weather  which  occur  in  winter.  At  such  times  the 
clock  rates  are  obtained  by  interpolation  from  the  curves,  and 
"  weighted"  accordmg  to  the  degree  of  dependence  to  be  placed 
on  each  clock,  before  making  up  the  final  or  "  adopted  error"  of 
the  standard.  When  observations  are  obtained  daily,  however, 
such  precaution  is  needless. 

Those  who  are  aware  of  the  number  of  patented  devices  for 
controling  distant  clocks  by  electricity,  may  perhaps  feel  sur- 
prise that  so  little  mention  has  here  been  made  of  their  use. 

Some  of  these  are  of  extreme  ingenuity  and  much  promise, 
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and  the  English  patents  covering  such  points  are  alone  to  l)e 
reckoned  by  scores.  Plans  have  oeen  submitted  to  the  writer 
by  which  the  clocks  along  any  number  of  miles  of  road  could 
b4  Ret  right,  and  brought  to  uniform  time  in  a  few  seconds,  by 
the  operator  at  the  observatory,  and  these  plans  appear  feasibk 
The  arrangements  adopted  here,  as  the  reader  wul  observe,  do 
not  greatly  diflFer  from  those  employed  in  telegraphic  determi- 
nations of  longitude,  and  in  fact  a  prolonged  examination  of 
very  many  ingenious  devices  for  directly  controling  distant 
clocks  led  the  writer  to  set  them  all  aside,  and  to  employ 
methods  not  differing  in  principle  from  those  in  use  already, 
for  purely  scientific  ends,  in  most  American  observatories. 

Of  the  very  numerous  plans  for  controling  distant  clocks, 
that  of  Jones  (now  well  known)  appears  to  be  the  best,  but 
even  this  is  not  quite  reliable  where  the  circuit  is  a  long 
one.  The  clocks  described  have  subsidiary  apparatus  en- 
abling them  to  send  controling  currents  on  the  Jones'  plan, 
but  thus  far  its  use  has  been  confined  to  the  observatory. 
The  whole  work,  external  to  the  observatory,  has  therefore 
been  hitherto  done  by  the  sending  of  signals,  through  which 
distant  clocks  may  be  regulated^  but  without  employing  means 
for  their  control,  and  though  this  is  done  over  a  very  extended 
field,  a  brief  description  of  it,  under  the  three  divisions  into 
which  it  naturally  fells,  will  suffice. 

1st  The  supply  of  time  to  watchmakers  and  jewellers.  The 
**  jewelers  wire  passes  through  the  Western  Union  Telegraph 
offices,  and  the  stores  of  the  principal  jewelers  of  Pittsburgh. 
Beside  each  "  regulator"  is  a  telegraphic  sounder,  on  which  the 
observatory  time  is  heard  constantly  ticking,  and  by  which 
almost  if  not  quite  all  of  the  clocks  and  watches  of  the  city  are 
thus  at  second-hand  regulated.  There  is,  in  this  uniform  and 
recognized  standard,  everywhere  accessible,  a  convenience  to 
watchmakers  of  course,  but  still  more  to  the  public,  as  the  dis- 
crepancies between  clocks,  public  or  private,  which  cause  so 
many  lost  minutes  in  the  day  to  each  person  in  a  city,  that 
their  aggregate  represents  a  large  draft  upon  the  time  of  the 
business  public,  disappear. 

Applications  have  been  received  from  watchmakers  in  neigh- 
boring cities  and  at  a  considerable  distance  from  Pittsburgh,  for 
this  telegraphic  supply  of  the  time,  which  it  has  not  always 
been  possible  to  accommodate,  but  which  have  been  welcome 
as  showing  a  public  appreciation  of  the  utility  of  the  work. 

2d.  The  supply  of  time  to  railroads.  The  watchmakers  and 
jewelers  are  in  permanent  telegraphic  connection  with  the 
observatory  by  a  wire  which  is  devoted  to  their  use,  but  dis- 
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int  cities,  such  as  Chicj^o  or  Philadelphia,  can  be  reached 
Dly  by  the  wires  of  the  telegraph  or  railroad  companies,  which 
re  too  valuable  to  be  exclusively  employed  for  this  purpose, 
'he  method  used  on  the  Pennsylvania  Central,  and  Pittsburgh, 
*ort  Wayne  and  Chicago  roads,  will  sufficiently  illustrate  the 
jTstem  as  applied  to  railways. 

A  special  wire  connects  the  observatory  with  the  office  in 
^hich  the  wires  owned  bv  these  roads  unite.  In  this  office  is 
small  bell  which  is  strucK  lightly  every  second,  in  the  manner 
escribed,  and  except  for  the  pauses  to  designate  the  minute 
Qd  hour,  continues  to  sound  unintermittingly ;  affi)rding  to  the 
inductors  and  other  employees  specially  concerned  in  the  time 
means  of  ready  comparison,  even  without  entering  the  building. 

At  9  and  at  4,  Altoona  time  (ten  minutes  fast  of  Pittsburgh), 
le  Pittsburgh  operator  in  charge  connects  the  main  eastern  wire 
)  Philadelphia,  854  miles  distant,  with  the  observatory,  and  for 
le  ensuing  five  minutes  the  beats  of  the  Howard  mean-time 
Andard  are  automatically  repeated  on  similar  bells,  or  on  the 
iistomary  "sounders"  m  Philadelphia  and  in  every  tele- 
raph  office  through  which  the  road  wire  passes ;  all  station 
locks  and  conductor  s  watches  being  compared  with  it  as  the 
fficial  standard.  After  five  minutes  the  clock  is  "  switched" 
y  the  Pittsburgh  operator  out  of  the  main  line  wire,  which  is 
3turned  to  its  ordinary  usa 

A  similar  set  of  signals,  lasting  for  five  minutes,  is  sent  at  9 
od  4  of  Columbus  time  (13  minutes  slow  of  Pittsburgh)  to  all 
ations  ^  as  far  west  as  (Chicago  inclusive,  in  the  main  western 
ne  (of  468  miles  in  length).  At  Philadelphia  the  time  is 
jpeated  to  New  York,  at  Harrisburgh  to  Erie  (833  miles),  etc. 
lS  it  is  thus  sent  not  only  over  the  main  lines  from  New  York 
)  Chicago  (nearly  a  thousand  miles),  but  over  a  number  of 
ibsidiary  or  branch  roads  too  great  for  enumeration  here,  and 
hich  form  in  the  aggregate  a  much  larger  number  of  miles 
lan  the  main  trunk,  it  will  be  observed  that  a  considerable 
action  of  the  railway  system  of  the  whole  country  is  prepared 
>T  using  a  single  unit  of  time,  as,  though  the  names  oi  "  r^hila- 
elphia  time,"  "Altoona"  or  "Columbus  time"  are  not  yet 
x)lished  over  that  part  of  our  railway  system  referred  to, 
•rery  railroad  clock  and  watch,  and  the  movement  of  every 
ain,  is  regulated  from  a  single  standard,  that  of  the  clock  in 
le  observatory. 

The  advantj^es  of  this  uniform  and  wide  distribution  of  ex- 
it time  in  facifitating  the  transportation  of  the  country,  and  in 
ihancing  the  safety  of  life  and  of  merchandize  in  transit  be- 
reen  the  Western  and  the  Atlantic  cities  seem  to  be  suffi- 
ently  evident  The  fact  that  the  system,  described  in  this 
tide,  has  obtained  the  extension  it  has,  within  three  years 
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from  its  commencement  will,  it  may  be  hoped,  justify  the  bdirf 
that  its  use  has  proved  not  only  valuable  to  lailways,  but  an 
added  security  to  the  safety  of  the  public. 

3d.  Supply  of  time  to  citie&  At  presenti  arraDsementB 
are  in  progress  for  regulating  the  principal  public  clpck  of 
Pittsburg,  (the  turret  clock  of  the  City  Hall,  about  two  miles 
from  the  observatory),  which  it  is  intended  shall  strike  every 
third  hour  on  the  bells  of  the  fire  alarm,  and  probably  also  in 
the  various  police  stations.  As  the  mechanism  for  doing  this 
is  still  in  course  of  construction,  and  may  yet  be  modified  in 
trial,  it  would  be  premature  to  speak  of  it,  especially  as  its  suc- 
cess has  not  jet  been  proven  in  practice  here.  The  city  clock 
will  automatically  report  its  own  time  to  the  observatory  hy  a 
special  wire,  and  it  is  probable  that  in  controlinff  its  rate  mm 
the  observatory,  the  "Jones"  system  will  be  U8e<£ 

The  necessity  of  a  uniform  standard  of  time  over  the  whde 
country,  which  was  alluded  to  in  the  outset  as  one  of  growing 
importance,  has  not  been  further  directly  touched  upon  in  this 
article,  which  is  yet  as  a  whole  devoted  to  describing  the  means 
of  meeting  it  'the  evident  tendency,  in  thus  sending  the  time 
from  one  standard  over  so  large  an  extent  of  territory,  is  to 
diminish  the  number  of  local  times,  and  so  prepare  the  way  for 
a  future  system,  in  which,  at  least  between  the  Atlantic  an3  the 
Mississippi,  they  shall  disappear  altogether. 

A  ste])  in  thus  direction  has  been  contemplated  by  the  mana- 
gers of  the  roads  uniting  New  York,  Philadelphia,  Pittsburgli 
and  Chicago,  who  have  intended  to  use  the  time  of  the  merid- 
ian of  Pittsburg  between  the  two  extreme  points  mentioned, 
running  all  trains  from  New  York  to  Chicago  by  this  time 
alone,  in  place  of  using  successively  the  local  times  of  Philadel- 
phia, Altoona  and  Columbus,  as  at  present  Such  a  change 
would  have  already  taken  place  during  the  last  summer,  except 
for  an  unexpected  cause  of  delay,  on  whose  removal  it  will  be 
efl'eeted. 

The  labors  of  this  and  of  other  American  Observatories  are 
tending  to  the  same  important  end,  that  of  the  ultimate  adop- 
tion of  some  single  time  for  all  the  country  east  of  the  Missis- 
sippi, by  which  not  only  the  railroads,  but  cities  and  the  public 
generally,  will  regulate  themselves.  What  point  shall  be  chosen 
IS  of  less  importance  than  that  some  one  shall  be  used  and  uni- 
versally. 

The  subject  is  one  which  has  hitherto  attracted  little  public 
attention,  but  it  does  not  seem  unsafe  to  make  the  assertion, 
that  the  causes  which  have  almost  insensibly  eflfiected  such  a 
ution  in  England,  will  in  a  few  years  more  bring  it  about 
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Art.  XLV. — On  a  method  of  detecting  the  phases  of  vtbraMon  in 
the  air  surrounding  a  sounding  body  ;  and  thereby  measuring 
directly  in  the  vibrating  air  the  length  of  its  tvaves  and  exploring 
the  form  of  its  wave-sur/ace ;  by  Alfred  M.  Mater,  Ph.D., 
Member  of  the  National  Academy  of  Sciences.  Professor  of 
Physics  in  the  Stevens  Institute  of  Technology. 

The  curve  A,  B',  B*,  etc,  is  the  well  known  symbolic  repre- 
sentation of  the  dynamic  condition  of  the  air,  at  a  ffiven  instant, 
when  traversed  by  simple  sonorous  vibrations.  Those  portions 
of  the  curve  above  the  axis  OX  represent  the  length  and  manner 

B»  B«  B»  B*  B»  B* 


of  the  aerial  condensations,  while  those  flexures  below  the  axis 
represent  the  rarefactions ;  therefore  similar  uoints  of  the  flex- 
ures above  the  axis,  or  similar  points  in  the  nexures  below  the 
axis,  represent  like  phases  of  vibratory  motion.  Imagine  these 
conditions  of  the  air  produced  by  a  body  vibrating  at  A;  then 
the  distance  A  to  B^,  B^  to  B',  .etc.,  will  equal  a  half  wave-length, 
while  from  A  to  B",  B=  to  B*,  etc.,  will  represent  a  whole  wave- 
length, corresponding  to  the  note  given  by  A  If  another 
sonorous  body  B,  giving  exactly  the  same  note  as  A,  be  placed 
anywhere  on  OX,  it  will  have  vibrations  communicated  to  it 
fix)m  the  vibrating  ^ir  which  touches  it,  and  it  will  vibrate 
exactly  with  the  air,  almost  as  though  its  substance  was  of  the 
air  itself  Now  imagine  this  body  B  placed  at  B*,  or  at  B*,  or 
B*,  etc.,  then  its  phases  of  vibration  will  be  exactly  similar  to 
those  of  A;  but  when  placed  at  B',  B'  or  B*,  etc.,  its  phases 
of  vibration  will  be  opposed  to  those  of  A.  That  is,  at  dis- 
tances from  A,  eciual  to  any  number  of  whole  wave-lengths  the 
body  B  will,  at  the  same  moment  of  time,  swing  with  A,  but 
at  distances  from  A  equal  to  any  number  of  half  wave-lengths 
the  direction  of  its  swings,  at  any  given  instant,  will  be  om)Osed 
to  A;  while  at  intermediate  positions,  on  the  line  OX,  the 
oscillations  of  B  will  be  lagging  somewhat  behind  or  be  slightly 
in  advance  of  the  phase  of  A's  vibration. 

After  this  it  is  evident  that  if,  by  any  means,  we  can  see  at 
Ae  same  time  the  vibrations  of  A  and  of  B,  we  will  (if  the 
received  conception  of  the  nature  of  a  vibration's  propagation 
ifi  correct)  see  their  motions  just  as  has  been  described  above, 
and  Vill  therefore  be  able  to  measure,  directly  in  the  air,  a  wave- 
length and  to  determine  any  wave  surface  enclosing  a  vibrating 
hoQj.    I  have  devised  several  processes.    1  V\\\.^\LO^^N^\^\is«k 
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describe  only  two ;  the  first,  though  impracticablei  I  qpeak  of 
to  render  clear  the  ffeneral  method  of  all ;  the  seoond  I  give  on 
account  of  its  simplicity,  ease  of  ezecation,  and  the  laperior 

accuracy  of  its  numerical  results. 

Take  two  tuning  forks  giving  the  same  note  and  lumqg 
mirrors  attached  to  their  smiilar  prongs ;  place  one  at  A,  the 
other  anywhere  on  the  line  OX.  Keflect  a  pen<al  of  light  fifom 
each  mirror  of  the  forks  to  a  revoMng  minor,  whose  axis  of 
rotation  is  in  a  plane  ^rallel  to  the  phmes  of  yibration  of  the 
forka  If  the  fork  B,  which  vibrates  sympathetiGally,  be 
placed  at  B',  B%  B*,  etc,  then  the  two  pencils  reflected  fmoi 
the  forks  will,  on  striking  the  revolring  mirror,  be  drawn  into 
two  sinuous  curves,  ana  the  flexures  of  the  two  corves  wiD 
run  parallel  to  each  other,  that  is,  the  ourves  wiU  appear  as 
the  two  rails  of  a  sinuous  railway ;  but,  if  the  fork  B  be  placed 
at  B',  B',  or  B',  etc.,  then  the  sinuosities  of  the  two  curra 
will  no  longer  be  parallel  but  will  be  opposed ;  that  is,  wheie 
a  flexure  of  one  of  the  curves  is  concave  on  the  lefk^  tko 
opposite  flexure  of  the  other  curve  will  have  its  concavity 
on  the  right  If  the  fork  B  be  placed  at  intermediate  positionfl, 
in  reference  to  those  above  stated,  we  will  have  neither  concord- 
ance nor  opposition  of  the  flexures,  but  intermediate  relations 
depending  on  the  fraction  of  half  wave-lengths  at  which  the 
sympathetic  fork  is  placed  on  the  line  OX. 

It  is  now  readily  seen  that  if  we  should  place  the  fork  B  at 
two  successive  points,  as  B*  and  B*,  on  the  line  OX,  so  that 
exact  concordance  of  flexures  of  the  curves  should  be  seen  at 
each  of  these  points,  then  evidently  we  have  placed  the  fork  at 
two  positions  removed  from  each  other  by  a  wave-length,  for  at 
these  points  the  air  had  at  the  same  instant  the  same  phase  of 
vibration.  Thus  we  have  measured  a  wave-length.  Further- 
more, if  by  any  means  we  could  move  the  fork  B  around  A 
so  that  during  this  motion  it  always  preserved,  in  reference  to 
A,  the  same  relation  of  vibratory  phase,  we  would  have  deter- 
mined the  form  of  the  wave-surface  produced  by  the  propaga- 
tion of  A's  vibrations. 

The  above  is  an  exposition  of  the  thoughts  thftt  have  occu- 
pied my  mind  for  several  months,  and  they  ultimately  led  to  the 
following  method,  by  which  all  I  have  narrated  can  be  accom- 
plished without  any  difficulty  ;  thanks  to  the  inventive  genius 
of  Mr.  Konig,  to  whose  skillful  aid  so  many  physicists  are  con- 
tinually indebted. 

The  membranes  of  Mr.  Konig's  manometric  capsules  furnish 

us  with  surfaces  which  vibrate  in  perfect  accordance  with  the 

air  which  touches  them,  and  we  can  lead  the  impulses  of  these 

membranes  through  gum  tubes  to  gas  jets  placed  at  any  desired 

pointj  where  the  v\bral\o\ia  o?  \!s\^\t  ^^xji^a»  oan  \^  comi^ared. 

Thus  they  are  far  supexiot  \»\>cv^\otC\tv%  lo\V^^^^ 
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the  relations  of  delicate  adjustments  to  be  maintained  during 
each  change  of  position,  and  therefore  forks  could  only  witn 
difficulty  be  made  to  serve  in  the  measure  of  a  wave-length, 
and  could  not  at  all  be  employed  to  trace  out  a  wave-surface 
on  account  of  the  impossibility  of  a  continuous  comparison  of 
their  vibrations,  which  latter  condition  the  manometric  flames 
admirably  fulfill. 

The  Es^periments. 

Let  us  now  proceed  to  experiment  I  placed  on  the  acoustic 
bellows  an  open  UTj  organ  pipe,  and  from  its  ventral  mano- 
metric capsule  I  led  a  tube  to  a  gas  jet  placed  in  front  of  a 
cubical  revolving  mirror.  I  took  an  UT,  Helmholtz  resonator 
and  adapted  to  its  beak  a  gum  tube,  with  an  interior  diameter 
of  1  centimeter  and  a  length  of  over  4  meters.  This  tube  led 
to  a  firmly  supported  manometric  capsule  whose  flame  was 

J  laced  quite  close  to  and  directly  behind,  the  organ  pipe 
ame,  which  latter  had  about  twice  the  height  of  the  resonator 
flama  On  sounding  the  pipe  and  holding;  the  resonator  quite 
near  it^  the  two  flames,  by  a  slight  adjustment,  were  made  to 
appear  as  one  series  of  serrations  in  the  revolving  mirror.  Now 
on  gradually  moving  the  resonator  away  from  the  pipe,  I  saw 
another  series  of  serrations  (those  of  the  resonator  flame)  slowly 
evolve  themselves  fix)m  the  first  series,  and  gradually  slide 
over  the  latter,  until,  having  removed  the  resonator  from  its 
first  position  by  about  66  centimeters  or  a  half  wave-length 
(German),  I  had  the  pleasure  of  seeing  the  series  of  moving 
serrations  standing  exactly  midway  between  the  first  or  im- 
movable series.  On  moving  the  resonator  yet  farther  from 
the  sounding  pipe,  I  saw  the  serrations  of  the  resonator  flame 
continue  their  onward  progress  until  the  two  series  again  coin- 
cided ;  and  on  measuring  the  distance  of  the  resonator  from  its 
first  position  near  the  pipe,  I  found  it  to  be  equal  to  a  whole 
wave-length  of  the  note  UT3.  When  I  had  removed  the  re- 
sonator one  and  a  half  wave-length,  I  again  saw  the  serrations 
of  the  resonator  flame  bisecting  the  spaces  between  the  serra- 
tions given  by  the  organ  pipe  flame,  and  when  the  resonator 
had  progressed  from  the  pipe  to  a  distance  equal  to  two  whole 
wave-lengths  I  saw  that  the  serrations  of  its  flame  had  pro- 
gressed to  another  coincidence  with  those  of  the  organ  pipe ; 
and  so  on,  until  I  had  determined  on  the  line  of  the  resona- 
tor's motion  all  the  phases  of  vibration  corresponding  to  three 
whole  wave-lengths.  I  now  moved  the  resonator  until  I  had 
again  caused  the  serrations  of  its  flame  neatly  to  bisect  the 
spaces  between  the  serrations  of  the  organ  pipe  flame,  and  mov- 
ing around  the  organ  pipe,  with  the  resonator  held  at  such 
distances  fix>m  it  that  tne  bisections  were  steadily  kept,  I  de- 
scsribed  in  space  the  wave  surface  of  the  aoundrng^  ^^^  TVi& 
suT&ce  I  found  approximately  to  be  an  eWipao\flL  ^vJdl  SXs^  i<^^ 
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at  the  top  and  bottom  of  the  pipe.  Nothing  could  be  more 
satisfactory,  and  it  was  charming  to  behold  how  neatly  the 
surface  could  be  determined ;  for  a  small  change  in  the  distance 
of  the  resonator  trom  the  pipe  produced  a  sensible  shifting  of 
the  serrations.  I  now  substituted  for  the  resonator  an  organ 
pipe,  in  every  respect  similar  to  the  one  on  the  bellows,  and 
with  it  I  repeated  the  wave-length  measures  previously  made 
with  the  resonator ;  indeed  the  column  of  air  in  the  pipe  in 
my  hand  responded  so  perfectly  to  the  sounding  pipe  that  I 
thought  it  gave  more  marked  results  than  those  produced  with 
the  resonator. 

7%«  manometricflame-micrometer. 

In  the  experiments  described  above,  we  examined  the  appear- 
ances in  the  mirror  with  the  unaided  eye,  and  with  it  estimated 
when  coincidences  and  bisections  occurred  ;  but  to  obtain  results 
of  precision,  a  method  was  devised  which  determines  neatly 
these  critical  points.  For  that  purpose  I  have  invented  the 
following  micrometer,  founded  on  a  beautiful  suggestion  of 
Dr.  R  Radau,  who  thus  describes  in  his  excellent  "  TAcoustique  " 
(Paris,  1867,  p.  272),  a  method  of  observing  the  flames  of  two 
similar  soundmg  organ  pipes.  "  We  attach  to  the  two  pipes 
two  of  Konig's  flames  arranged  so  that  the  point  of  one  flame 
reaches  above  a  small  fixed  mirror  which  nides  its  base,  but 
which  shows  bv  reflection  the  base  of  the  other  flame.  This 
produces  the  illusion  of  a  single  flame.  If  now  we  observe 
this  hybrid  image  in  the  revolving  mirror  while  we  sound  the 
two  pipes,  the  point  separates  from  the  base,  which  proves  that 
the  two  flames  shine  alternately,  and  the  one  retracts  while  the 
other  elongates ;  if  the  two  tubes  act  on  the  same  flame,  the 
effect  is  null,  and  the  flame  remains  immovable."  By  placing 
the  above  "  small  fixed  mirror  "  on  a  divided  circle ;  or  by 
silvering  its  back  and  determining  its  angular  displacements 
around  a  vertical  axis  by  the  method  of  Poggendorff, — that  is, 
by  observing  through  a  telescope,  the  reflections  of  a  fixed  scale 
fi-om  the  back  of  the  mirror, — we  have  devised  a  simple  and 
precise  micrometer  for  ascertaining  the  amount  of  displacement 
of  the  resonator  s  flame.  For,  having  once  determined,  for  a 
given  note,  the  amount  of  angular  motion  of  the  mirror  required 
to  move  the  bases  of  the  flames  over  the  distance  between  the 
centers  of  two  contiguous  serrations  we  have  the  angular  value 
of  a  displacement  equal  to  that  caused  by  moving  the  resona- 
tor through  a  wave-length,  and  a  fraction  of  the  turn  required 
to  produce  the  above  movement  of  the  bases  of  the  flames  will 
be  equal  to  that  produced  by  the  remove  of  the  tesonator 
over  a  corresponding  fraction  of  a  wave-lengtL  Thus  can  he 
measured  very  small  fractions  of  a  wave-length.  Indeed,  even 
with  the  unaided  eye  and  without  the  use  of  the  micrometric 
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:iiTor  I  have  distinctly  detected  a  displacement  of  the  flames 
1  moving  the  resonator,  (UT3)  over  only  3  centimeters  or  j\\h 
f  a  wave-len^h,  and  with  the  micrometer  I  feel  assured  that 

can  determine  the  wave-surface  of  a  body  giving  the  note 
rr,  to  one  centimeter  of  its  true  position.  Of  course  with 
igher  notes  we  shall  get  a  proportionally  closer  determination. 
ut  the  object  of  this  paper  is  not  to  present  numerical  results  ; 
reserve  these  for  a  subsequent  communication,  in  which  I  will 
Iso  present  diagrams  of  apparatus  and  the  appearances  of  the 
ames  in  various  experiments. 

I  will  here  remarlc  that  the  success  of  the  experiments  de- 
ends  on  the  resonator  with  its  attached  tube  bemg  in  perfect 
nison  with  the  organ  pipe ;  also,  the  relative  heights  and  posi- 
ons  of  the  flames  should  be  so  adjusted  that  the  sharpest 
efinitions  are  obtained  in  the  rotating  mirror,  and  thus  be  able 
>  detect  and  measure  the  effects  of  small  changes  in  the  position 
r  the  resonator ;  but  these  and  other  manipulative  details  will 
jadily  occur  to  any  physicist  who  repeats  the  experiments. 

Applications  of  the  Method. 

When  the  method  I  have  here  blocked  out  shall  have  been 
educed  to  the  refinement  which  it  is  susceptible  of,  I  feel  con- 
dent  that  we  will  have  in  our  hands  the  power  to  attack  many 
roblems  of  high  theoretic  interest  which  have  heretofore  been 
eemed  beyond  the  reach  of  experiment  Its  application  to 
ich  are  so  numerous  that  they  are  almost  co-extensive  with 
16  phenomena  of  sound. 

The  actual  experimental  determination  of  wave-surfaces  in 
•ee  air  and  in  buildings  can  now  certainly  be  accomplished  ; 
ttd  such  determinations  may  serve  to  extend  our  knowledge  in 
le  direction  of  giving  the  proper  laws  which  should  govern 
rchitects  in  their  construction  01  rooms  for  public  assemblies. 

The  differences,  if  any,  in  the  velocities  of  sound,  corre- 
ponding  to  vibrations  differing  in  intensities  and  frequencies, 
lay  be  determined  by  the  use  of  reflectors,  and  the  direct 
baervation  on  any  changes  in  wave-lengths  different  from  those 
'hich  should  be  given  on  the  assumption  that  notes  of  various 
itensities  and  heights  are  propagatea  with  the  same  velocity. 

We  can  determme  a  wave-length  auite  accurately  by  the 
)llowing  arrangement  of  apparatus.  Take  an  organ  pipe  with 
resonator  in  unison  with  it,  and  place  the  resonator  m  a  fixed 
osition  opposite  the  mouth  of  the  pipe,  then  lead  tubes 
•cm  the  capsules  of  pipe  and  resonator  to  contiguous  jets,  and 
3jiist  their  flames  to  coincidence  or  to  bisection  of  serrations ; 
Bing  for  this  purpose  the  manometric  micrometer.  Now  sup- 
ose,  for  simplicity,  that  the  pipe  gives  340  complete  vibrations 
1  a  second ;  then,  as  the  velocity  of  sound  is  840  meters  per 
3cond,  it  is  evident  that  in  ^jyth  of  a  second  an  aerial  pulse 
dll  traverse  one  meter.     Therefore,  if  all  things  else  remain  the 
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same,  and  we  lengthen  the  resonator  tube  i  meter,  the  serrated 
flames  of  the  resonator  will  be  displaced  |  of  the  distance  be- 
tween the  centers  of  two  contiguous  serrations ;  and  if  the  tube 
be  lengthened  1  meter,  or  one  wave-lengthy  the  displacement  will 
amount  to  the  entire  distance  separating  the  centers  of  two 
contiguous  serrations;  and  for  n  number  of  wave-lengths  of 
elongation  of  tube,  we  shall  have  n  number  of  such  displace- 
ments. Thus  can  be  measured  a  wave-length;  and  if  tbe 
number  of  vibrations  given  by  the  pipe  be  accurately  known, 
we  can  reach  with  the  manometric  micrometer  an  accurate 
determination  of  the  velocity  of  sound. 

Finally,  we  are  bold  enough  to  believe  that  we  have  in  the 
highest  development  of  the  method,  a  means  of  tracking  in 
the  air  the  resultant  wave-surface  of  combined  notes ;  and,  in 
short,  of  bringing  the  exploration  of  acoustic  space  to  approach 
somewhat  to  that  precision  of  measurement  which,  lor  over 
half  a  century,  has  characterized  the  study  of  the  sethereal 
vibrations  producing  light 

September  2l8t,  18*72. 
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John  C.  Drapkb,  M.D. 

The  continuous  absorption  of  oxygen,  and  formation  of  car- 
bonic acid,  is  an  essential  condition  of  evolution  of  structure, 
both  in  plants  and  in  animals. 

The  aoove  proposition  in  so  far  as  it  relates  to  animals  will 
probably  be  admitted  by  all ;  the  opposite  opinion  is,  however, 
commonly  held  as  regards  plants ;  yet  we  propose  to  show  tbat 
in  these  organisms,  as  in  animals,  growth  as  applied  to  evolu- 
tion of  structure,  or  organization  of  material  provided  is  insep- 
arably connected  with  oxidation. 

The  discussion  of  the  proposition  in  question  necessarily 
involves  a  preliminary  review  of  the  character  of  the  gases 
exhaled  from  various  plants.  Commencing  with  the  lower 
organisms  as  fungi,  the  uniform  testimony  is  that  these  plants 
at  all  times  expire  carbonic  acid,  while  it  is  chiefly  in  the  higher 
plants,  and  especially  in  those  which  contain  chlorophyl  or 
green  coloring  matter  that  carbonic  acid  is  absorbed  and  oxygen 
exhaled.  The  inquiry  then  in  reality  narrows  itself  down  to 
the  examination  of  the  growth  of  chlorophyl-bearinff  plants. 

Regarding  these  plants  the  statement  is  made  and  received, 
that  they  change  their  action  according  as  they  are  examined 
in  the  light  or  in  the  dark,  exhaling  oxygen  under  the  first  condi- 
tion, ana  carbonic  acid  under  the  second.  Various  explana- 
tions of  this  change  of  action  have  been  given,  that  generally 
accepted  accounting  for  it  on  the  hypothesis  of  the  absorption 
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of  carbonic  acid  by  the  roots,  and  its  exhalation  by  the  leaves 
when  light  is  no  longer  present 

The  change,  on  the  contrary,  appears  to  arise  out  of  the  &ct 
that  two  essentially  diff'erent  operations  have  been  confounded, 
viz :  the  actual  growth  or  evolution  of  structures  in  the  plant, 
and  the  decomposition  of  carbonic  acid  by  the  leaves  under  the 
influence  of  the  light,  to  provide  the  gum  or  other  materials 
that  are  to  be  organized.  These  two  factors  are  separated  by 
Prof.  J.  W.  Draper  in  his  dissension  of  the  conditions  of  growth 
in  plants.  We  propose  to  show  that  by  adopting  this  proposi- 
tion of  two  distinct  operations  in  the  higher  plants,  all  the 
apparent  discrepancies  regarding  the  growth  of  tnese  plants  are 
explained. 

The  growth  of  seedlings  in  the  dark  oflFering  conditions  in 
which  the  act  of  growth  or  evolution  of  structure  is  accom- 

Flished  without  the  collateral  decomposition  of  carbonic  acid, 
arranged  two  series  of  experiments  in  which  growth  under 
this  condition  might  be  studied  and  compared  witlt  a  similar 
growth  in  the  light  That  the  experiments  might  continue  over 
a  sufficient  period  of  time  to  furnish  reliable  comparative  results, 
I  selected  peas  as  the  subject  of  trial,  since  these  seeds  contain 
sufficient  material  to  support  the  growth  of  seedlings  for  a 
couple  of  weeks. 

To  secure  as  far  as  possible  uniformity  of  conditions  between 
the  dark  and  light  series,  and  also  to  facilitate  the  separation, 
cleansing  and  weighing  of  the  roots,  each  pea  was  planted  in  a 
glass  cylinder,  one  inch  in  diameter  and  six  inches  long.  These 
cylinders  were  loosely  closed  below  by  a  cork,  and  filled  to 
within  half  an  inch  of  the  top  with  fine  earth  or  vegetable 
mould.  They  were  then  placea  erect  in  a  covered  tin  box  or 
tube-stand,  in  such  a  manner  that  the  lower  end  dipped  into 
water  contained  in  the  box,  while  the  whole  of  the  cylinder 
except  the  top  was  kept  in  the  dark.  Thus  the  first  condition 
for  germination,  viz.,  darkness,  was  secured;  the  second,  warmth, 
was  supplied  by  the  external  temperature,  which  varied  from 
70°  to  80**  F.,  while  regularity  and  uniformity  in  the  supply  of 
moisture  in  both  series  was  secured  by  having  a  box  of  cylinders 
or  tubes  for  each  and  keeping  the  level  of  the  water  the  same  in 
both.  The  supply  of  oxygen  was  also  equal  and  uniform, 
since  the  upper  part  of  each  tube  presented  a  similar  opening 
to  the  air. 

Thus  prepared,  one  box  containing  five  cylinders  was  kept 
in  a  dark  closet,,  while  a  second  similar  in  all  respects  was 
placed  in  a  window  of  the  adjoining  room,  where  it  was  exposed 
to  direct  sunlight  five  or  six  hours  every  day.  To  each  tube  a 
light  wooden  rod  thirty  inches  in  length  was  attached,  and  on 
this  the  growth  of  the  seedling  was  marked  every  tveU^  ^Mi^\t«k, 
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Weight  of  teed. 

ML 

Period 

i. 

7th  day. 

u 

2, 

8th  " 

u 

8, 

10th  ** 

cc 

4, 

12th  « 

u 

«, 

14th  " 

a 

«, 

17th  " 

7th  day. 

7th  day. 

Wh  " 

Wh  « 

10th  " 

11th  « 

12th  « 

I3th  " 

15th   " 

loth   " 

18th   " 

18th  " 
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The  hours  selected  were  7  A.  ic.  and  7  P.  ic.  I  iliua  obtained 
the  night  and  daj,  or  dark  and  lightoiowih  of  every  seeding^ 
as  long  as  those  m  the  dark  grew.  Tbe  seeds  were  planted  on 
June  Ist,  and  appeared  abOTe  the  ground  on  June  6tli|  whn 
the  measurements  were  commenoed.  In  each  aeries  one  seed 
£Edled  to  germinate ;  the  record  cons^uenily  is  for  finir  phmts 
in  eachf  and  the  history  of  the  evolation  of  almctures  is  as 
follows : 

Evcluiicn  of  siruckure  in  Ae  darh — ^In  Table  L  the  seeds  are 
desimated  as  A,  B,  C,  D,  and  each  column  shows  the  date  on 
which  leaves  and  lateral  growths  appeared.  These  oonstitate 
periods  in  the  development  of  the  plamtB,  which  are  indicated  \xj 
the  numbers  1,  2,  8,  4,  5,  6.  The  weight  of  each  seed  is  given 
in  milligrammes. 

Table  I. — 8eedHng9  grown  in  the  dark. 

n. 

7th  day. 

8th  « 
lOUi  « 
12th  « 
14th  " 
17th  " 

A  glance  at  the  above  shows  the  uniformity  as  regards  time 
with  which  the  structures  were  evolved  in  each  plant.  It  also 
indicates  for  each  plant  an  equality  in  the  number  of  periods 
of  evolution,  viz.,  6,  notwitnstanding  the  diflference  in  the 
weights  of  the  seeds ;  and  suggests  that  the  power  of  evolution 
of  structure  in  seedlings  resides  in  the  germ  alone. 

The  character  of  the  evolution  in  the  six  periods  shows  a 
steady  improvement  or  progression. 

In  the  first,  the  growth  consists  of  the  formation  close  to  the 
stem  of  two  partially  developed  pale  yellow  leaves. 

The  second  period  is  similar  to  the  first,  except  that  the 
leaves  are  a  littie  larger. 

The  third  presents  a  pair  of  small  yellow  leaves  close  to  the 
main  stem,  from  between  which  a  lateral  stem  or  twig  aboul 
one  inch  long  projects,  and  bears  at  its  extremity  a  second  pair 
of  imperfectly  developed  yellow  leaves,  from  between  which  i 
small  tendril  about  a  sixteenth  of  an  inch  long  is  given  off 

The  fourth  resembles  the  third,  the  lateral  twig  being  loiiger» 
and  the  tendril  three  times  as  long  as  in  the  third. 

The  fifth  is  like  the  fourth,  except  that  the  tendril  bifurcates 

The  sixth  is  similar  to  the  fifth,  except  that  the  tendril  trifto- 
catea 

Stem,  leaves,  twigs,  tendrils  of  various  degrees  of  complexitv. 
all  are  evolved  by  the  force  pre-existing  in  the  germ  withoit 
the  assistance  of  bght 
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Evolution  of  structure  in  the  light 
Table  IL — Seedlings  grown  in  the  light. 


Weight  of  Mad. 

E. 
388. 

p. 

426. 

463. 

H. 
644. 

Period 

1, 

6th  day. 

6th  day. 

2, 

7th  day. 

7th  '' 

7th  day. 

7th   " 

3, 

8th   " 

8th  " 

8th  " 

9th   " 

4, 

12th  « 

9th  " 

10th  « 

10th   " 

6, 

15th  " 

11th   " 

14th   '* 

12th   " 

6, 

(( 

13  th   " 

(( 

14th   " 

Table  IL  was  obtained  in  the  same  manner  as  Table  I,  the 
columns  representing  the  days  on  which  lateral  growths  and 
leaves  appeared.  Though  there  is  not  the  same  uniformity  as 
in  Table  I,  the  periods  are  identical  in  both  as  regards  the  visi- 
ble character  of  the  evolution.  Nothing  appears  in  the  second 
that  did  not  pre-exist  in  the  first,  and  in  the  case  of  the  seeds 
E  and  G  the  evolution  is  even  deficient  as  regards  the  first 
and  the  sixth  periods. 

While  the  general  character  of  the  evolution  in  both  series 
is  similar,  certain  minor  differences  exist  In  IL  the  leaves 
and  tendnls  are  many  times  larger  than  in  I,  and  they  with  the 
whole  plant  are  of  a  bright  creen  color,  instead  of  the  sickly 
pale  yellow  of  I ;  but  the  lignt  has  not  developed  any  new 
structure ;  it  has  only  perfected  those  which  pre-existeo,  and 
Converted  other  substances  into  chlorophyl  which  is  not  an 
organized  body. 

Not  only  did  the  plants  in  the  two  series  present  similarities 
in  evolution  of  structure,  but  the  average  weight  of  dry  plant 
in  each  was  very  nearly  the  same,  for : 

455  of  seeds  in  the  dark  produced  184  of  dry  plant,  while 
455  '•  Ught         "  215         "         " 

A  comparison  of  the  parts  below  the  ground  with  those  above 
(both  bein^  dried  at  212°  F.)  shows  that  the  proportion  of  root 
to  total  weight  of  plant  was  also  nearly  identical ;  being, 

25  of  root  for  100  of  plant  in  the  dark,  and 
23  "  100  "  light 

The  close  siifiilarity  in  the  evolution  of  visible  structure  in 
the  light  and  in  the  dark,  the  small  difference  in  the  total 
weights  of  the  plants  grown  in  the  same  time  in  both  series, 
and  the  close  approximation  in  the  proportional  weight  of  root 
to  plant  all  justify  the  conclusion,  tnat  the  CTowth  in  darkness 
ana  in  light  closely  resemble  each  other,  and  that  it  is  proper 
to  reason  as  regards  the  nature  of  the  action  from  the  first  to 
the  second. 

Another  interesting  fact  which  lends  support  to  the  opinion 
that  the  process  of  growth  in  seedlings  developed  in  the  dark 
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• 
is  very  similar  to  that  oocnrring  in  tbose  giDWii  in  the  fight^iB 
the  character  of  the  excrementB  thrown  oat  by  die  rootsi  It  is 
well  known  that  many  plants  so  poison  the  soil  that  the  sune 
plants  cannot  be  made  to  grow  therein  until  the  poisonoiui 
excretions  from  the  roots  of  the  first  crop  have  been  destroyed 
by  oxidation.  In  the  case  of  peas  lliis  poisoning  of  the  ami 
takes  place  in  a  very  marked  manner,  and  1  have  found  that  in 
the  pots  in  which  peas  have  been  crown  in  the  dark,  the  soil  is 
so  poisoned  by  the  excrements  from  the  roots  that  a  seoond 
crop  &ils  to  sprout  Does  it  not  follow,  that  since  in  the  two 
series  with  wnich  I  experimented,  the  excrements  from  the 
roots  possessed  the  same  poisoning  action,  tiie  processes  in  the 
plants  fix>m  which  these  excrements  arose  must  have  bees 
similar? 

There  remains  an  important  ai^^oment  oonceming  whidi 
nothing  has  thus  &r  been  said.  It  is  to  be  derived  num  the 
oonsideration  of  the  rate  of  growth  in  the  light  series  during 
various  periods  of  the  day  of  twenty-four  hours.  If  the  evdn- 
tion  of  structure  in  a  plant  in  daylight  is  tiie  result  of  the 
action  of  light,  that  evolution  should  occur  entirely,  or  almost 
•entirely  during  the  day.  If  on  the  contrary  it  is  independent 
•of  the  light,  it  should  go  on  at  a  uniform  rate  as  in  plants  in 
the  dark. 

For  the  elucidation  of  this  portion  of  the  subieet,  I  present 
the  following  tables ;  the  first  of  which  shows  the  growth  by 
night,  7  P.  M.  to  7  A.  M.  of  the  seedlings  in  the  dark  series,  com- 
pared with  their  growth  by  day,  7  A.  M.  to  7  P.  M.  The  mea- 
surements were  taken  from  the  sixth  to  the  twentieth  of  the 
month,  the  day  on  which  growth  ceased  in  the  dark  series. 

Table  IIL — Seedlings  ffrovm  in  the  dark, 

Nlglit  frowth.  Day  frowth. 

No.  1  12f  inches.  14  inches. 

No.  2  laj    "  13       " 

No.  8  11}    "  llf    " 

No.  4  12|     "  llf    « 

Average,        12t    "       Average,     12|     " 

The  total  day  growth  and  night  growth  under  these  circum- 
stances are  nearly  equal,  though  there  is  a  slight  excess  in 
favor  of  the  night,  amounting  as  the  table  shows,  to  f  of  an 
inch  in  12  inches. 

In  Table  IV.  the  growth  of  the  light  series  is  given  in  the 
same  manner,  by  day  and  by  night,  for  the  same  time,  viz :  to 
June  20th.  The  thermometric  and  hygrometric  conditions  in 
both  series  were  very  similar,  as  indicated  by  the  dry  and  wet 
bulb  thermometers  suspended  in  the  vicinity  of  each  set  of 

bes. 
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Table  IV. — Seedlings  grown  in  the  light. 

Night  growth.  Dmj  growth. 

No.  5  d^  inches.  4  inchea. 

No.  6  8"  7       " 

No.  1  6i     "  4i     " 

No.  8  H     "  H    " 


Average,    6  J     "        Average,    6      " 

In  the  average,  and  throughout  the  table,  with  a  single  ex 
ception,  not  only  is  the  uniformity  in  the  rate  of  growth  during 
the  day  and  night  shown,  but  the  slight  excess  of  night  growth 
found  in  the  series  kept  in  the  dark  is  likewise  copied.  We 
must  therefore  accept  the  conclusion,  that  the  act  of  growth  or 
evolution  of  structure  is  independent  of  light,  and  that  the 
manner  of  growth  during  the  day  is  similar  to  that  at  night 

It  will  be  noticed  that  the  total  average  height  attained  in 
the  light  is  only  about  half  that  in  the  dark  series.  The  ex- 
planation of  this  we  have  already  seen  in  the  fact,  that  in  the  for- 
mer the  leaves  and  tendrils  were  much  larger  than  in  the  latter, 
while  the  dry  weights  were  nearly  the  same.  The  material  of 
the  seed  in  the  lignt  series  was  consumed  in  extending  these 
surfaces,  while  in  the  dark  series  it  was  spent  in  lengthening 
the  stem. 

Having  established  the  continuous  character  of  growth  in 
seedlings,  and  the  similarity  of  rate  and  nature  of  the  process 
by  night  and  bj  day,  and  admitting  that  at  night  plants  throw 
on  carbonic  acid,  it  is  not  improbaole  that  this  carbonic  acid 
arises,  not  from  mechanical  absorption  by  the  roots,  and  vapori- 
zation by  the  leaves,  but  as  a  direct  result  or  concomitant  of 
the  act  or  process  of  evolution  of  structure. 

To  put  the  matter  in  the  clearest  form,  let  us  first  under- 
stand what  growth  is.  It  appears  in  all  cases  to  consist  in  the 
evolution  or  production  of  cells  from  those  already  existing. 
According  as  the  circumstances  under  which  the  cells  are  pro- 
duced vary,  so  does  the  tissue  ultimately  produced  vary.  Cells 
formed  in  woody  fibre  become  wood.  Cells  formed  in  muscle 
in  their  turn  form  muscles,  but  the  starting  point  of  the  process 
in  every  instance  is  the  formation  of  new  cells. 

If  now  we  examine  the  evolution  of  cells  under  tlie  simplest 
conditions,  as  for  example  in  the  fermentation  that  attends  the 
manufacture  of  alcohol,  we  find  that  with  the  evolution  of  the 
torulsd  cells  carbonic  acid  is  produced.  The  two  results  are 
intimately  connected,  and  it  is  proper  to  suppose  that  since  the 
carbonic  acid  has  arisen  along  with  the  new  cells,  the  latter 
operation  must  in  some  way  involve  a  process  of  oxidation. 
Accepting  the  hypothesis  that  oxidation  is  attendant  on  these 
processes  of  cell  growth  under  the  simplest  conditions,  we  pass 
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to  the  examination  of  what  oocars  m  the  lower  forms  of  veget- 
able organisms  fbund  in  the  air. 

The  Fungi,  and  indeed  all  p^lants  that  are  not  ffroen,  with  a 
few  exceptions,  exhale  carbonic  acid  and  never  euale  oxjguL 
In  this  case,  in  which  cell  production  bften  oooiin  with  mA 
marvelous  rapidity,  the  carbonic  acid  most  have  arisen  as  a 
consequent  of  the  cell  growth.  It  is  improbable  that  it  has 
been  absorbed  bj  roots  and  exhaled  from  the  structures,  either 
in  these  plants  or  in  those,  produced  during  fennentation.  In 
the  latter  there  never  are  any  roots,  and  in  the  former,  even 
where  roots  are  present,  they  bear  a  small  proportion  to  the 
whole  plant  Tne  (quantity  of  moisture  exhaled  by  such 
^wths  ia  also  insignificant,  and  out  of  proportion  to  tne  car- 
bonic acid  evolved.  We  must,  therefore,  in  this  case  decline 
to  accept  the  root  absorption  hypothesis,  and  admit  that  the 
carbonic  acid  has  arisen  as  a  result  of  the  cell  growth  in  the 
plant 

Passing  to  the  chlorophyl-bearing  plants,  we  find  that  in  the 
Phanerogamia  it  is  only  the  green  parts  that  at  any  time  exhale 
oxygen,  and  then  only  under  the  influence  of  sunshine.  The 
other  parts  of  the  plant  above  the  ground,  that  are  not  green, 
viz.,  the  stem,  twigs,  flowers,  etc.,  are  at  all  times,  day  and 
night,  exhaling  carbonic  acid.  The  whole  history  of  the  plant 
from  the  time  the  seed  is  planted  to  its  death,  is  a  continuous 
story  of  oxidation,  except  when  sunlight  is  faUing  on  the  leaves. 
The  seed  is  put  into  the  ground  and  during  germination  oxygen 
is  absorbed  and  carbonic  acid  exhaled.  If  the  seedling  is  kept 
in  the  dark,  oxygen  is  never  exhaled,  only  carbonic  acid,  and 
the  plant  not  only  grows,  but  all  visible  structures  except  flowers 
are  formed  in  a  rudimentary  condition.  In  the  light  the  growth 
during  the  night  time  is  attended  by  the  evolution  of  carbonic 
acid,  while  during  the  day  time  the  bark  of  the  stem  and 
branches  is  throwing  oflf  carbonic  acid.  When  flowers  and 
seeds  form,  the  evolution  of  carbonic  acid  attending  this  highest 
act  of  which  the  plant  is  capable,  is  often  greater  than  that 
produced  at  any  time  in  many  animals. 

Everything  in  the  history  of  plants,  therefore,  tends  to  show 
that  the  evolution  of  their  structures  is  inseparably  attended 
by  the  formation  of  carbonic  acid,  and  it  seems  impossible, 
wlien  we  consider  the  evolution  alone,  to  arrive  at  any  other 
opinion  than  that  already  expressed — that,  all  living  Uiings, 
whether  plant  or  anhnal,  absorb  oxygen  and  evolve  carhonix^  add, 
or  some  other  ooddized  substance,  as  an  essential  condition  of  the 
evolution  of  their  structures. 

CoUeg©  of  the  City  of  New  York,  Sept.  12th,  1872. 
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Art.  XLyiL — Bgoinder  to  Prof,  HalVa  Reply  to  a  "  Note  on  a 

question  of  Priority"  ;  by  E.  BiLLlNGS. 

To  answer  the  whole  of  Professor  HalVs  reply,  published  in 
the  August  number  of  this  Journal,  would  require  a  long 
articla  I  beg,  however,  to  notice  briefly  several  of  the  leading 
points. 

With  regard  to  publication,  I  hold  it  to  be  the  duty  of  an 
author  who  describes  new  fossils  to  make  his  work  accessible 
to  the  public.  If  he  fail  to  do  this,  he  cannot  claim  prioritv 
over  one  who  has  published  in  the  regular  way.  His  wort 
may  be  adopted  as  a  matter  of  courtesy,  but  not  to  take 
precedence  over  fair  publication.  Prof.  HalFs  pamphlet  was 
not  accessible  to  the  public  at  the  time  my  paper  was  published, 
and  therefore  his  genus  Rhynobolus  cannot  take  priority  over 
my  genus  Obolellina.  During  the  discussion  that  has  taken 
place  it  has  been  argued,  with  reference  to  publication,  that 
**  no  determined  rules  or  laws  have  been  hitherto  settled  or 
followed."  On  this  point,  I  hold  that  there  are  laws  which 
result  spontaneously  from  the  very  nature  of  the  circumstances 
to  whicn  they  relate.  These  laws  exist  perpetually,  although 
not  instituted  by  legislative  enactment,  and  although  they  may 
be  habitually  transgressed  by  anjr  number  of  unscrupulous 
persons.  The  law  of  publication  is  one  of  these.  Every  true 
naturalist  instinctively  feels  and  knows  that  such  a  law  does 
exist,  and  that  it  is  his  duty  to  observe  it  M3'  genus  was 
fairly  published,  in  accordance  with  the  requirements  of  this 
law,  and  therefore  it  must  stand,  unless,  by  some  miracle,  the 
law  should  cease  to  exist 

The  genus  Obolellina  belongs  to  the  Trimerella  group  of  fossils. 
Prot  Hall  borrowed  some  of  our  specimens  of  that  group, 
and  notice  was  given  him  that  I  was  at  work  upon  them.  The 
object  of  giving  this  notice  was  to  prevent  any  occurrence 
which  might  lead  to  ill  feelinor.  Instead  of  doing  his  best  to 
carry  out  this  object  he  almost  immediately  proposed  his 
genus  Rhynobolus^  on  a  Canadian  specimen  from  the  same 
locality  where  those  lent  him  had  been  collected.  I  believe  he 
is  the  only  paleontologist  in  America  who  would  have  taken 
such  a  course.  He  attempts  to  justify  himself  by  saying  that  I 
had  procured  specimens  from  New  York.  But  the  case  is 
wholly  diflferent  I  require  New  York  fossils  for  comparison, 
and  for  that  purpose  have  bought  them,  collected  them  myself, 
and  sent  others  to  collect  them  for  me.  But  T  only  use  them 
for  comparison.  I  never  described  a  new  species  collected  in 
New  York.  On  the  other  hand.  Prof.  Hall  collects  Canadian 
fossils^  and  goes  further.     He  deambea  t\i^  tk^Nfj  ^'^^^x'i^   ^^ 
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even  visited  a  party  who,  as  he  well  knew,  was  oollecthig  tat 
our  sarvey,  and  procured  a  collection  from  nim.  iD^his  rnlj, 
he  gives  the  reader  to  understand  that  he  has  refrajned  fiom 
describing  Canadian  species  ^^/rom  a  natural  sense  qfprepriilgJ' 
Where  was  this  sense  of  propriety  when  he  described  the  finb 
from  Cavuga,  Canada  West,  in  voL  iv,  PaL  N.IT. ;  fi>r  instaneei 
OryptoneUa  iphisj  OentraneUa  ovata^  and  MerieieOa  tenia  f 

He  intimates  that  "  in  nearly  all  cases"  where  he  has  proposed 
new  genera,  during  the  last  "ten  or  fifteen  yearsi  I  have 
raised  an  objection  of  some  kind*  Since  reading  hia  papor  I 
have  looked  over  his  works,  and  have  made  a  list  of  ninetj- 
seven  genera  proposed  by  him  during  the  period  menticHoea. 
Of  these,  I  have  oojected  to  not  more  man  a  doasen*  His  state- 
ment is  therefore  a  gross  exaggeration.  1  have  not  made  that 
sweeping  condemnation  of  his  work  that  he  would  desire  to  be 
imputed  to  ma 

There  is,  besides  the  above,  nothing  in  his  reply  but  matter 
totally  irrelative  to  the  subject  in  dispute 


Art.  XLVTH.— Elements  of  Planets  (122)  and  (128)  ;  by  Prof 
C.  H.  F.  PETERa  From  a  letter  to  one  of  the  editors,  dated 
Litchfield  Observatory  of  Hamilton  College,  Clinton,  Oneida 
Co.,  N.  Y.,  October  15,  1872. 

The  planets  (122)  and  (128),  of  which  the  former  has  received 
the  name  of  Oerda  (from  Scandinavian  mythology),  the  latter 
that  of  Brunhilda  (well  known  from  the  Nibelungen),  have  now 
gone  out  of  sight,  or  become  so  faint  that  further  observations 
would  be  of  little  value.  I  have,  consequently,  computed  their 
orbits,  for  each  selecting  from  the  series  of  observations  three 
positions  suitably  distributed.  The  elements,  which,  on  account 
of  the  length  of  the  area  employed,  may  be  assumed  to  possess 
already  a  great  degree  of  reliability,  result  as  follows : 

(122)   Gerda^  from  obs.  Aug.  1,  Aug.  28,  and  Sept.  24. 

Epoch:  1872,  August  28*0,  Berlin  mean  time. 

M^  =  112**  69'  34  "-63  9>=  2°  6'  28«-V4 

7r=208    12     7-76    )  ;/ =  613''-5218 

Q  =  178    56  41-89   V  Mean  eq.  1872-0  log  a  =  0-6081178 
»=      1    36    16-85    ) 

(123)  Brunhilday  from  obs.  Aug.  1,  Aug.  27,  and  Sept.  26. 

Epoch:  1872,  August  27*0,  Berlin  mean  time. 

M^,  =  267°  54'  28"-70  9>  =  6°  SO'  23"-82 

TT  =    71    51  32-93    )  )L4  =  803"-1187 

^=308    42  13-0*i    Y'M.ean^c\.\%*ia-^  lobars  0-4301512 
i=z      6    28  32-4% 
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The  orbit  of  Gerda  is  remarkable  for  having  both  the  inclina- 
tion and  eccentricity  very  small,  a  coincidence  which  is  not 
found  among  the  other  known  asteroids  except  in  the  orbit  of 
Cl^ticL 

Upon  re-computing,  for  a  check,  the  observations  from  the  ele- 
ments, the  following  insignificant  differences  remained  (calc. — 
oba): 


(122) 

Aa 

AS 

Aug.     1      —0-01 

-  0"-l 

Aug.  28      -0*02 

00 

Sept  24     -0-04 

—0-1 

(128) 

Aa 

Ad 

-  o-«oi 

-.0"1 

-0-04 

-0-2 

-0-03 

0-0 

Aug.  1 
Aug.  27 
Sept.  22 

The  planet  (124)  (named  Abeste^  a  few  days  ago  reached  its 
stationary  point,  so  that  now  its  right  ascension  is  increasing. 
Its  brightness,  now  about  11*2  magnitude,  will  permit  observa- 
tions for  some  time  3'et 


SCIENTIFIC    INTELLIGENCE. 

L  Chemistry  and  Physics. 

1.  On  the  CheMtcal  Efficiency  of  Sunlight ;  by  James  Dkwab, 
Esq.  (PhiL  Mag.,  Oct.  1872.) — (Jf  all  the  processes  proposed  to 
measure  varying  luminous  intensity  by  means  of  chemical  effects, 
not  one  has  yet  been  expressed  m  strictly  dynamical  measure. 
This  is  owing  to  the  very  small  amount  of  energy  to  be  measured 
necessitating  very  pecuJiar  processes  for  its  recognition.  The 
chemical  actions  generally  inauced  by  light  are  of  the  ^^  Trigger  '^ 
or  "  Relay  "  descnption — ^that  is,  bear  no  necessary  relation  to  the 
power  envolved  by  the  transformation.  There  is  one  natural 
action  of  light,  however,  of  a  very  different  kind,  continuously 
at  work  in  the  decomposition  of  carbonic  acid  by  plants,  necessi- 
tating a  large  absorption  of  energy,  and  thus  enabliug  us  to 
ascertain  the  proportion  of  the  radiant  power  retained,  through 
the  chemical  syntheses  affected. 

So  far  as  I  am  aware,  the  following  passage,  extracted  from 
Helmholtz^s  Lectures  "On  the  Conservation  of  Energy,"  de- 
livered at  the  Royal  Institution  in  1804,  and  published  in  the 
Medical  Times  and  Gazette,  contains  the  first  estimate  of  the 
chemical  efficiency  of  sunlight  "Now,  we  have  seen  already, 
that  by  the  life  of  plants  great  stores  of  energy  are  collected  in 
the  form  of  combustible  matter,  and  that  they  are  collected  under 
the  influence  of  solar  light.  I  have  shown  you  in  the  last  lecture 
that  some  parts  of  solar  light — the  so-called  chemical  rays,  the 
blue  and  the  violet  which  produce  chemical  action — are  completely 
absorbed  and  taken  away  by  the  green  leaves  of  plants ;  and  we 
must  suppose  that  these  chemical  rays  afford  that  amount  of 
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energy  which  ib  neceeenry  Xa  ilecompose  agun  th«  carbonic  arid 
and  w:itcr  in  their  elemeule,  to  soparalo  the  oxygen,  to  give  it 
back  to  the  atmoBphere,  and  U)  collec't  tlie  carbon  and  hydroget)  of 
the  water  and  carbonic  acid  in  the  body  of  the  plant  it*ii-lf  it  i» 
not  yet  po8eil>le  to  isiiow  that  there  exists  an  accurate  eqniraleDi 
proportion  between  the  power  or  energy  of  the  aolar  rayn  wbirh 
are  absorbed  by  the  green  learea  of  plants,  and  the  energy  whirh 
is  stored  up  in  the  form  of  chemicftl  force  in  the  interior  of  the 
plaats.  \A  e  are  not  yet  able  to  make  bo  accurate  a  raeasnreninit 
of  both  these  stores  of  energy  as  to  be  able  to  show  that  there  is 
an  equivalent  proportion.  We  can  only  show  that  the  amount  nf 
energy  which  the  rays  of  the  sun  bring  to  the  work  is  eomtilelci; 
sufficient  to  produce  suob  an  effect  as  this  chemical  etfect  going  nn 
in  the  plant.  1  will  give  vou  some  figures  in  reference  to  this,  h 
is  found  in  a  piece  of  cultivated  land  producing  com  or  trees;  om 
may  reckon  per  year  and  per  square  foot  of  land  0'038  !h.  of 
carbon  to  be  produced  by  vegetation,  'ITiis  i«  the  amount  of 
carbon  which  during  one  year,  ou  the  surface  of  a  sqaare  foot  in 
our  latitude,  can  be  produced  under  the  influence  of  solar  rays. 
This  quantity,  when  used  as  fuel  and  bunit  to  produce  carbonit 
acid,  gives  so  macb  heat  that  2fll  lbs.  of  water  conld  be  ht-uttd 
1°  C.  Now  we  know  the  whole  quantity  of  solar  light  whifh 
comes  down  to  one  square  foot  of  terrestrinl  Bucface  during  ooe 
second,  or  one  minute,  or  on.-  ye;ir.  Tho  whole  amount  whioh 
comes  down  during  a  year  to  one  square  foot  is  aafficient  to  raise 
the  temperature  of  430,000  lbs.  of  water  I'C,  The  amounl 
of  heat  which  can  be  produced  by  fuel  growing  upon  one  squire 
foot  during  one  year  ia,  aa  yon  see  from  these  figures,  a  very  eraaU 
fraction  of  the  whole  amount  of  Bolar  heat  whi(3i  can  be  pix>dnced 
by  the  aolar  rays.  It  is  only  the  1477th  part  of  the  whole  enei«y 
of  solar  tight.  It  is  impossible  to  determine  the  quantity  of  aoor 
heat  BO  acenrately  that  we  could  detect  the  loss  of  so  emiU 
a  fraction  aa  ia  absorbed  by  plants  and  converted  into  other  fomis 
of  energy.  Therefore,  at  present,  we  can  only  show  that  tbt 
amount  of  aolar  heat  ia  sufficient  to  produce  the  effectB  of  vegeti- 
ble  life,  but  we  cannot  yet  prove  that  this  is  a  complete  equivalent 
ratio."  This  estimate  is,  strictly  speaking,  the  mean  agricultiinl 
efficiency  of  a  given  area  of  land,  cultivated  as  forest ;  and  con-  . 
sidering  that  active  growth  only  takea  place  during  five  months  in 
the  year,  we  may  saiely  adopt  g^Q  of  the  total  energy  of  snnMglil 
as  a  fair  value  of  the  conserved  power,  on  a  given  area  of  tlM 
earth's  surface  in  this  latitude  during  the  course  of  the  snnunei. 
As  chlorophyl  in  one  or  other  of  its  forms  is  the  suIiBtance  through 
which  light  becomes  absorbed  and  chemical  decomposition  en- 
sues, it  would  be  interesting  to  acquire  some  idea  of  the  storue 
of  power  effected  by  a  given  erea  of  leaf-surface  daring  tt* 
course  of  a  day,  and  to  compare  this  with  the  total  available 
energy.  Here  we  are  dealing  with  strictly  measureable  quanti- 
ties, provided  we  coald  determine  the  equation  of  chemical  trsm 
^^nnatiotL 
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Boussingault's  recent  observations  on  the  amount  of  carbonic 
acid  decomposed  by  a  given  area  of  green  leaf  seem  to  me  to 
afford  interesting  data  for  a  new  determmation  of  the  efficiency  of 
sunlight.  By  experiments  made  between  the  months  of  January 
aod  October  imder  the  most  favorable  circumstances  in  atmo- 

Spheres  rich  in  CO*,  one  square  decimetre  of  leaf  was  found  to 
ecompose  in  one  hour,  as  a  mean,  5*28  cub.  centims.  of  CO*,  and 
in  darkness  to  evolve  during  the  same  period  of  time  0*33  cub, 
centim.  of  CO*.  In  other  words,  one  square  metre  of  green 
surface  will  decompose  in  twelve  hours  of  the  day  63"86  cub. 
centims.  of  CO*,  and  produce  in  twelve  hours  of  the  night  3*96 
cub.  centims.  of  CO*.* 

The  quantity  of  carbonic  acid  decomposed  does  not  represent 
the  whole  work  of  sunlight  for  the  time,  as  water  is  simultane- 
ously attacked  in  order  to  supply  the  hydrogen  of  the  carbo- 
hydrates. Boussingault,  in  summing  up  the  general  results  of  his 
laborious  researches  on  vegetable  physiology,  says,  "  Si  Ton  envi- 
sage la  vie  v^g6tale  dans  son  ensemble,  on  est  convaincu  que  la 
feuille  est  la  premiere  ^tape  des  glucoses  que  plus  ou  moins  modi- 
fies, on  trouve  r6partis  dans  les  diverses  parties  de  I'organisme; 
que  c'est  la  feuille  qui  les  ^labore  aux  d^pens  de  Pacide  carbonique 
et  de  I'eau." — Ami.  de  Chemie^  torn,  xiii,  p  415.  The  funda- 
mental chemical  reaction  taking  place  in  the  leaf  may  therefore 
be  represented  as  follows : 

(1)  CO,  O      +      H«0      =      CO,H*      4-      0,0 

(2)  6(C0.H*)  =      C«H>*0« 

In  the  first  equation  carbonic  acid  and  water  are  simultaneously 
attacked,  with  the  liberation  of  a  volume  of  oxygen  equal  to  that 
of  the  original  curbonic  acid,  together  with  the  formation  of 
a  substance  having  the  composition  of  methylic  aldehyde.  The 
second  equation  represents  the  condensation  of  this  aldehyde  into 
grape  sugar.  The  transformation  induced  in  (1)  necessitates  the 
absorption  of  a  large  amount  of  energy ;  and  if  we  neglect 
the  heat  envolved  in  the  combination  oi  nascent  CO  and  II*, 
which  can  be  shown  to  be  very  little,  the  calculated  result  is  made 
a  maximum;  whereas  the  condensation  of  (2)  being  attended  with 
an  evolution  of  heat,  diminishes  considerably  the  amount  of 
power  required.  Happily  Frankland's  direct  determination  of  the 
thermal  value  of  grape-sugar  leaves  no  doubt  as  to  the  true  equiv- 
alent of  work    done  in   its   formation.      Taking    the  following 

*  The  rate  at  which  the  leaf  functions  is  dependent  on*  the  luminous  intensity. 
The  relative  amounts,  therefore,  of  carbonic  acid  decomposed  through  the  action 
of  the  different  colored  rays  are  proportional  to  their  luminous  power;  and  the 
carve  of  assimilation  is  found  to  follow  the  ciirve  of  Fraunhofer.  This  proves  that 
the  judgment  we  form  of  equal  luminous  impressions  is  in  reality  due  to  equal 
mechanical  effects  associated  with  the  different  colored  rays.  Professor  Draper,  of 
New  York,  in  his  recent  paper  "  On  the  Distribution  of  Heat  m  the  Spectrum,"  by 
dividing  the  spectrum  into  two  portions  of  equal  luminous  intensity,  obtained 
identical  thermal  effects  by  absorption.  This  does  not  prove  that  each  ray  has  the 
ttme  total  energy,  but  only  that  in  all  probability  those  at  equal  distances 
on  either  aide  of  the  mean  wave-length  in  the  nonnai  ^i^ViVv^«^T>sQ!L^l^bA^3SL 
ate  identicaL 
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thermal  values  00,0=68,000,  H  *,0  ^08^000,  0«H''0«  = 
642,000, 1  cab.  oentim.  of  CO*  deoompoaed  ■•  in  (1)  woqld  veqm 
6*06  sramme-unita  of  heat,  or  iu  hffht-eqnhraleiit^  whema  tke 
obmplete  change  into  grape  sugar  of  uie  same  amooot  of  oariiow 
acid  requires  only  4*78  gramme  units.  Bnl^  we  hmwe  seen  brfDn^ 
1  square  decimetre  of  green  leaf  functions  at  the  rate  of  6'tB  eak 
centimB.  of  carbonic  i^  aanmilated  per  hour ;  therefiMre  S'iS  -|^ 
4*78  =  25*23  represents  the  number  of  ffranune-heat^aidts  ca^ 
served  through  tne  absorption  of  ligiit  in  the  above  period  of  tinwi 
Pouillet  estimates  the  mean  total  solar  radiation  per  square 
decimetre  exposed  normally  to  the  sun's  rays  in  or  near  Faris,  per 
hour,  as  6,000  gramme-unito,  so  that  6,000  -4-  85*28  =  ^p  lepis- 
sents  the  fraction  of  the  entire  energy  conserved.  The  ertimstt  ii 
by  no  means  too  great,  as  Boussiiu^ault  has  shown  the  leaf  mav 
function  at  twice  the  above  rate  ror  a  limited  time;  and  as  hmk 
sides  of  the  leaf  are  included  in  the  measurement  of  the  greet 
surfiEtce  in  his  memoir,  we  ouffht  to  double  the  fraction  for  a  Iflrf 
exposed  perpendicularly  to  tne  sun's  rays,  inereasing  tlie  abon 
number  to  the  120th  part. 

In  connection  with  equation  (1),  above  given,  as  ropreseptiag 
the  action  of  8unli|^ht  on  the  leai^  it  is  worthy  of  remaric  that,  np- 
posing  the  carbonic  acid  and  water  eaually  efficient  as  absorbing 
agents  of  the  vibratory  energy  (although  each  has  a  speci£ 
absorption  for  certain  qualities  of  rays),  the  decomposition  of  the 
two  compound  molecules  may  take  place  continuously  side  by 
side,  owing  to  the  equality  of  the  thermal  equivalents  of  carbonic 
oxide  and  hydrogen.  We  already  know,  from  the  laborious 
researches  of  Tyndall,  how  thoroughly  aqueous  vapor  retains 
thermal  radiations ;  and  Janssen  has  further  shown  the  same  sub- 
stance has  a  strong  absorptive  action  on  the  rays  of  light  of  low 
refrangibility  (just  those  rays  that  are  in  part  selected  Dy  chloro- 
phyl),  producing  the  well  known  atmospneric  lines  of  the  solar 
spectrum.  The  presence,  therefore,  ot  varying  quantities  of 
aqueous  vapor  in  tne  atmosphere  in  all  probability  produces  a  con- 
siderable difference  of  rate  in  the  decomposition  effected  by  the 
leaf,  and  may  in  fact  end  in  carbonic  acid  and  water  being  attacked 
in  another  ratio  than  that  given  as  the  fundamental  equation  of 
decomposition.  Thus  the  same  plant  in  different  atmospheric  con- 
ditions may  elaborate  different  substances. 

2.  On  tne  Law  of  Extraordinary  Hefraction  in  Iceland  Spar; 
by  G.  G.  Stokbs,  M.A.,  Sec.  RS.  (Proc.  Roy.  Soc.) — It  is  now 
some  years  since  I  carried  out,  in  the  case  of  Iceland  spar,  the 
method  of  examination  of  the  law  of  refraction  which  I  described 
in  my  report  on  Double  Refraction,  published  in  the  Report  of  the 
British  Association  for  the  year  1862,  p.  272.  A  prism,  approxi- 
mately right-angled  isosceles,  was  cut  in  such  a  direction  as  to 
admit  of  scrutiny,  across  the  two  acute  angles,  in  directions  of  the 
wave-normal  within  the  crystal  comprising  respectively  inclinations 
of  90^  and  45^  to  the  axis.  The  directions  of  the  cut  faces  were 
referred  by  reflection  to  the  cleavage. planes,  and  thereby  to  the 
ii^  i^xis.    The  light  observed  was  the  brignt  D  of  a  soda-flame. 
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The  result  obtained  was,  that  Huygens^  constraction  gives  the 
trae  law  of  doable  refraction  within  the  limits  of  errors  of  obser- 
vation. The  error,  if  any,  could  hardly  exceed  a  unit  in  the  fourth 
place  of  decimals  of  the  index  or  reciprocal  of  the  wave-velocity, 
the  velocity  in  air  being  taken  as  unity.  This  result  is  sufficient 
absolutely  to  disprove  the  law  resulting  from  the  theoiy  which 
makes  double  refraction  depend  on  a  difference  of  inertia  in  dif- 
ferent directions. 

I  intend  to  present  to  the  Royal  Society  a  detailed  account 
of^the  observations;  but  in  the  mean  time  the  publication  of 
this  preliminary  notice  of  the  result  obtained  may  possibly 
be  useful  to  those  engaged  in  the  theory  of  double  refraction. — 
PhiL  Mag.,  IV,  xliv,  816. 

H.  On  a  new  Oalvattic  Pile,  of  economic  cotistruction ;  by 
M.  Gaifpe. — The  high  price  of  galvanic  piles  and  the  difficulty 
of  procuring  them  being  often  an  obstacle  to  the  applications 
which  might  be  made  of  them,  I  essayed  the  possibility  of  de- 
vising an  apparatus  that  one  could  make  anywhere  without  the  aid 
of  the  professional  workman,  with  substances  of  little  value, 
jridely  spread  in  commerce,  and  possessing  the  essential  quality  of 
constancy  in  the  effects. 

The  pair  which,  after  some  trials,  I  have  adopted,  resembles 
Callaad^s  in  its  form,  used  some  years  since  on  telegraphic  lines ; 
but  its  elements  are  different.  It  consists  of  a  vessel  mto  which 
dip  two  rods— one  of  lead,  the  other  of  zinc.  The  leaden  one  de- 
scends to  the  bottom ;  the  zinc  is  one-half  shorter.  The  bottom 
of  the  vessel  is  coated  with  red  oxide  (»f  lead  (minium);  and 
the  exciting  liquid  is  water  containing  10  per  cent  of  chlorhydrate 
of  ammonia. 

The  electromotive  force  of  this  pile  is  about  one- third  of  that  of 
a  Bunsen's  pair ;  its  internal  resistance  is  slight,  and  varies  little ; 
the  chloride  of  zinc  formed  does  not  sensibly  alter  the  con- 
ductivity of  the  exciting  liquid;  its  constancy  is  great;  finally 
the  expense  is  almost  nothing  when  the  circuit  is  open. —  Comptes 
jRendus  de  PAcad.  des  Sciences,  July  15, 1872,  p  120. — Phil.  Mag,, 
IV,  xliv,  820. 

IL  Geology  and  Natural  History. 

1.  Discovery  of  Fossil  Quadrumaua  in  the  Eocene  of  Wyom- 
ing ;  by  O.  C.  Marsh. — An  examination  of  more  complete  speci- 
mens of  some  of  the  extinct  Mammals  already  described  by  the 
writer  from  the  Eocene  deposits  of  the  Rocky  Mountain  region, 
clearly  indicate  that  among  them  are  several  representatives  of  the 
lower  Quadrumana.  Although  these  remains  differ  widely  from  all 
known  forms  of  that  group,  their  more  important  characters  show 
that  they  should  be  placed  ^nth  them.  The  genera  Limnotho' 
rium^  Tninolestes,  and  Tdrnatolestes,  especially,  have  the  principal 
parts  of  the  skeleton  much  as  in  some  of  the  Lemurs,  the  cor- 
respondence in  many  of  the  larger  bones  being  very  close.  The 
anterior  part  of  the  lower  jaws  is  similar  to  that  of  the  Marmosets^ 
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bat  the  angle  is  more  produced  downwud,  and  mooh  hrflffl^. 
The  teeth  are  more  numeroiu  than  in  any  known  QnadrnmiHi. 
Some  of  the  species  haTe  apparently  forty  teeChy^amnged  as  fol- 

2?  1  T 

lows:  Incisors  Y  canines ^  premolan  and  molatv  =.  A  i^U  de- 
scription of  these  interesting  remains,  the  first  of  the  order  detected 
in  this  country,  will  be  given  by  the  writer  at  an  early  day. 

Tale  College,  Oct  7th,  1873. 

2.  Note  on  a  new  g^iu$  qf  Camivaru  Jhfm  the  Tirtiarj^  qf 
Wyoming ;  by  O.  C.  Mabsh. — ^Additional  remains  of  the  lam 
Carnivore  described  by  the  writer,  on  page  208,  aa  Zdmno/mi 
kUidenSj  show  clearly  that  it  represents  a  genus  quite  distinot 
from  JL  ferox.  The  canines  and  premolars  of  the  lower  jaw  some- 
what resemble  those  in  the  Ehrsna,  but  there  were  only  two 
incisors  in  each  ramus.  One  or  these  is  large,  and  clooe  to  the 
canine.  Inside  and  partially  behind  this,  is  a  cavity  for  a  aeoond 
and  smaller  incisor.  The  remaining  teeth  preserved  are  espeeially 
broad  and  massive.  The  first  lower  premolar  is  separated  some- 
what from  the  canine,  and  is  inside  the  line  of  the  teeth  behind  it 
The  remains  now  known  indicate  an  animal  about  aa  large  as  s 
lion.  The  genus  they  represent  may  be  called  Oreoeyan^  and  the 
type  species,  Oreocyon  latidens, 

Yale  College,  Oct  6th,  1872. 

3.  Notice  of  a  New  Reptile  from  the  Cretaceous ;  by  O.  C. 
Marsh. — An  interesting  addition  to  the  Reptilian  fauna  of  the 
Cretaceous  shale  of  Kansas  is  a  very  small  Saurian,  which  differs 
widely  from  any  hitherto  discovered.  The  only  remains  at  pre- 
sent known  are  two  lower  jaws,  neariy  perfect,  and  with  many  of 
the  teeth  in  good  preservation.  The  jaws  resemble  in  gene- 
ral form  those  of  the  Mosasauroid  reptiles,  but,  aside  from  their 
very  diminutive  size,  present  several  features  which  no  species 
of  that  group  has  been  observed  to  possess.  The  teeth  are  im- 
planted in  distinct  sockets,  and  are  directed  obliijuely  backward. 
There  were  apparently  twenty  teeth  in  each  jaw,  all  compressed, 
and  with  verv  acute  sunmiits.  The  rami  were  united  m  iront 
only  by  cartilage.  There  is  no  distinct  groove  on  their  inner 
surface,  as  in  all  known  Mosasauroids.  The  dentigerous  portion 
of  the  jaw  is  41*  •""•  in  length,  its  depth  below  the  last  tooth  is 
5.  mm.  and  below  the  first  tooth  in  front  a-™"'  The  specimen 
clearly  indicates  a  new  genus,  which  may  be  called  Colonosatmu, 
and  the  species  may  be  named  Colonosaurus  Mudgeiy  for  the  dis- 
coverer, Professor  B.  F.  Mudge,  who  found  the  remains  in  the 
upper  Cretaceous  shale  of  Western  Kansas. 

Yale  College,  Oct.  7th,  1872. 

4.  Recent  Eruption  of  Maufia  Loa ;  by  Rev.  Titus  Coak. 
(From  a  letter  to  J.  D.  Dana,  dated  Hilo,  Hawaii,  Aug.  27, 1872). 
— On  the  night  of  the  10th  inst.  a  grand  and  lofty  pillar  of  light 
rose  from  the  summit  of  the  mountain  to  the  height  of  some  2,000 
feet.  This  was  directly  over  the  great  tenninal  crater,  Mokua- 
weoweo.  It  was  most  distinctly  seen  at  first  from  Kilauea  and 
Kau. 
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On  the  evening  of  the  13th  we  had  the  first  perfect  view  from 
Hilo.  The  illiiininated  cloud  of  steam  and  gases  which  hung 
over  the  crater  sometimes  rose  in  a  well-defined  vertical  column 
to  a  great  height,  and  then  the  higher  portion  would  expand, 
forming  an  inverted  cone ;  again  it  seemed  lighted  up  above  the 
mountain  and  spread  out  like  an  umbrella  over  the  crater.  The 
changes  of  form,  the  expansion,  contraction,  and  convolutions  of 
the  illuminated  pile,  could  be  distinctly  marked,  and  also  the 
rapid  variations  in  brilliancy  dependent  on  the  greater  or  less 
intensity  of  the  fiery  lavas  in  the  abyss  below. 

It  is  now  seventeen  days  since  we  first  saw  the  eruption,  and 
still  the  great  furnace  is  in  full  blast.  The  action  is,  evidently, 
intense.  Of  all  the  ^demonstrations  made  in  this  vast  cauldron  on 
the  summit  of  the  mountain  since  our  residence  in  Hilo,  none 
have  equalled  this  in  magnitude,  in  vehemence,  and  in  duration. 
As  yet  it  is  confined  to  the  deep  crater ;  and  we  know  not  whether 
the  terrific  forces  now  raging  in  this  abyss  will  rend  the  walls 
of  the  mountain  and  let  out  a  flow  of  lavas  to  the  sea,  or  spend 
their  fury  within  the  recesses  of  the  mountain.  The  scene  from 
the  border  of  the  crater  must  now  be  fearfully  grand. 

I  am  ashamed  to  say,  that,  so  far  as  we  know,  no  one  has  yet 
v^isited  the  region  of  eruption.  In  spite  of  my  age  (nearly  72), 
were  it  not  for  the  sickness  in  my  lamily,  I  should  before  this 
have  been  on  the  summit  of  Moknaweoweo.  From  the  little 
ranch  of  Reed  and  Richardson  in  Kapapala,  Kau,  you  can  ride  up 
on  horseback  in  a  day.  I  hope  soon  to  hear  that  some  one  has 
been  to  the  summit. 

Ten  thousand  feet  below  the  summit  fires  is  Kilauea.  This 
crater  has  also  been  very  active  of  late.  The  south  lake,  which 
was  so  deep  when  I  last  wrote  you,  has  long  been  filled,  and  it 
has  overflowed  many  times,  sending  off  broad  streams  of  incan- 
descent lava,  filling  up  the  great  basin  of  1868,  elevating  the 
southern  portion  of  Kilauea,  raising  cones  that  puff  and  screech, 
and  throw  out  vapor,  hot  gases,  ana  sulphur.  The  present  activi- 
ty looks  like  some  kind  of  sympathy  with  the  summit  furnace. 

Along  the  shore,  4,000  feet  below  Kilauea,  there  was,  on  the 
23d  inst.,  a  tidal  wave.  It  occurred  at  1  p.  m.  during  a  calm. 
The  sea  in  our  bay  rose  silently  and  rapidly,  like  an  incoming  tide, 
to  the  height  of  four  feet  two  inches.  In  about  six  minutes  it  had 
subsided  to  a  low  point  and  returned  again  to  the  height  of  three 
feet.  Quickly  and  quietly  it  retired  again ;  and  thus  in  the  space 
of  1^  hours  it  made  fourteen  oscillations,  each  succeeding  one 
growing  fainter,  until  the  sea  returned  to  its  normal  condition. 
vVe  had  no  earthquake  at  the  time. 

We  have  had  occasional  slight  earthquakes  of  late,  but  no 
severe  ones. 

5.  Ascent  of  Mauna  Loa  to  the  scene  of  Eruption, — ^The  fol- 
lowing is  an  extract  from  an  account  of  the  ascent  of  Mauna  Loa 
to  the  place  of  eruption,  published  in  the  Pacific  Commercial 
Advertiser  of  Sept.  21. 
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7%«tmnmit. — Befen  tu  lay  a  raoged  pldiLkboattwttinlMk 
diameter,  of  blaok  lara,  orerlud  in  many  plaeea  wiA  Iddi  tt 
brown  a^  and  flrerTwbere  torn  bto  oiiMard  of  rii^M  hf  Ac 
fierce  power  that  had  Bpheavfld  die  «hoI&  To  onr  iiglit  km  • 
remarkable  monument  or  pillar  ahowing  blaok  agaoMt  the  ^. 
On  every  hand  yawned  deep  orertoei,  and  ipent  wmnm  at  kn 
bad  daahed  together  in  myriad  shapea,  and  bo  congealed,  Hsif' 
ing  on  u  well  at  we  were  able,  we  finally  reaohed  a  ewf  A  Ma 
formed  by  a  branching  t^a  flow,  and  hen  we  diimannted,  nd 
tethered  our  animala  for  the  nigbt  Thii  done,  we  faxA  oar  wi; 
five  hundred  yards  over  a  narrow  strip  of  mgged  lava,  and  aU  tt 
oDce  stood  upon  the  edge  of  the 

Crater  of  Mokuawmweo. — There  before  ns,  at  our  ftet  at  it 
were,  yawned  a  terrifiu  ohaem,  with  blaok  perpendionlar  walk 
oarryittg  the  eye  down  some  800  feet,  to  when,  io  the  inky  Ua^ 
ness  of  the  lower  basin,  apmng  np  in  gloriona  apaiUing  light,  nl^ 
bom,  a  mighty  fountain  of  clear  molten  lava. 

Referring  to  the  diagram  publiahed  herewith,  the  ina<1<ii  wiD 
find  that  we  reached  the  crater's  edge  on  the  eaitern  Mn  at  t&i 
point  marked  by  the  ontline  of  a  tent.  The  anetent  walla  that  to- 
circle  the  pit,  marked  ^,  on  onr  side  foil  perpeodiealarly  abont  fin 


hundred  feet,  wLiteon  the  opposite  or  western  side  they  descended 
nearer  eight  hundred,  to  where  the  plateau  marked  b  formed  a  floor 
to  the  crater,  broken  down  again  to  form  the  pit  marked  c.  The 
general  shape  of  the  central  crater,  Mokuaweoweo,  was  an  ine^- 
lar  ellipse,  rather  more  than  three-quartei-fl  of  a  mUe  through  lU 
shorter  axis,  by  about  a  mile  and  a  qnarter  from  the  dividing  will 
marked  by  a  dotted  line  on  the  left,  that  separated  it  from  f,  the 
crater  known  as  Pohakn  Hanalei,  to  a  similar  thoogh  not  so  well 
defined  partition  wall  on  the  right  hand  that  joined  to  it  the  crater 
G.  LooKing  straight  across  and  below  us  at  a  distance  in  an  air 
line  of  possibly  three-quarters  of  a  mile,  there  ros<^  from  a  cone 
located  near  the  southweet  comer  of  the  lower  basin  a  m^iiifr 
cent  fountain  of  liquid  lava,  about  seventy-five  feet  in  diameter, 
that  sent  its  volume  of  brilliant  sparkling  molten  matter  to  s 
height  estimated  at  five  hundred  feet  in  a  compact  and  powerfiil 
j^t.  The  axis  of  this  gigantic  fountain  was  somewhat  inclined 
.toward  us,  so  that  the  desct-nding  cascade  fell  clear  and  dislioct 
M^m  the  upward  shooting  jet,  and  formed  one  continuous  fall  at 
^^^fd  lava,  surpassingly  beautiful  to  gaee  upon.  Behind  this 
fonntain,  a  dark  inotim  of  <iibrit^  partly  thrown  ap  by  thii 
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itbreak,  partly  formed  by  masses  falling  from  the  wall  against 

fiich  it  rested,  reared  itself  against  the  steep  side  of  the  crater, 

id  stood  out  boldly  in  the  intense  light  from  the  incandescent 

untain.     On  the  left,  with  its  base  nearly  reached  by  the  liquid 

reams  flowing  out  from  the  lake  into  which  the  cascade  fell,  was 

lother  long  pile  of  debris  that  reached  to  the  leyel  of  the  plateau 

I  should  say  here  that  the  sides  of  this  plateau  looked  to  be 

)out  one  hundred  feet  deep  to  where  they  met  the  edge  of  the 

wer  bafdn.     The  basin   itself  occupied  about  one-third  of  the 

»ace  bounded  by  the  ancient  walls  of  the  crater. 

Flowing  down  the  sides  of  the  symmetrical  cone  that  the  fall- 

g  stream  of  lava  was  rapidly  forming  were  many  bright  rivers 

'  liquid  light  that,  spreading  as  they  flowed  away,  and  crossing 

id  recrossing  in  a  tangle  of  bright  lines,  formed  a  lake  of  rivulets 

lat,  ever  widening,  mingling,  spreading  and  interlacing,  pre- 

nted  a  unique  and  beautiful  appearance.     On  the  extreme  right 

ind  verge  of  this  lower  basin,  detached  pools  of  Are  showed 

tat  while  a  dark  crust  was  forming  on  the  surface  beneath,  the 

itire  area  of  the  basin  was  overflowed  by  the  melted  lava. 

We  watched  steadily  the  grand  fountain  playing  before  us,  and 

lUed  frequently  to  each  other  to  note  when  some  tall  jet,  rising 

r  above  the  head  of  the  main  stream,  would  carry  with  it 

imense  masses  of  white-hot  glowing  rock  which,  as  they  fell  and 

ruck  upon  the  black  surface  of  the  cooling  lava,  burst  like 

eteors  in  a  summer  sky. 

As  soon  as  we  had  reached  the  summit  level  of  the  mountain, 

e  heard  the  muflled  roar  of  the  long  pent  up  gases  as  they  rushed 

it  of  the  opening  which  their  force  had  rent  in  the  basin's  solid 

3d.     And  now  that  we  were  in  ftill  yiew  of  the  grand  display, 

ir  ears  were  filled  with  the  mighty  sound,  as  of  a  heavy  surf 

>oniing  in  upon  a  levd  shore,  while  ever  and  anon  a  mingled 

ash  and  break  of  sound  would  call  to  mind  the  heavy  rush  of 

>nderou8  waves  against  the  rocky  cUAb  that  girt  Hawaii. 

At  night  the  jet  looked  loftier,  and  gazing  intently  into  the  fiery 

»Iiimn  with  a  good  glass  that  we  had,  we  could  see  the  limpid 

Mrkling  upward  jet  rising  with  tremendous  force  from  out  an 

candescent  lake.     Following  up  the  glowing  stream,  we  saw  it 

t)h  itself  and  pour  over  as  it  were  in  one  broad  beautiful  cas- 

ide.     While  the  ascending  stream  was  almost  silvery  in  its  intense 

nghtness,  the  falling  sheet  was  slightly  dulled  by  cooling,  and 

lus  the  two  were  ever  rising,  falling,  shooting  up  in  brilliant 

ts,  and  showering  down  with  mingled  dashes  of  bright  light  and 

looting  spray,  while  in  the  lake  out  of  which  rose  the  fountain, 

id  into  which  fell  the  fiery  masses,  danced  and  played  a  thousand 

imic  waves,  and  fiery  foam  swirled  round  and  round.     Upon  its 

irface  danced  myriad  jets  and  bubbles,  and  from  its  edge  flowed 

It  the  rivulets  of  lava,  that  in  a  tangled  maze  of  lines  covered  all 

le  lake. 

6.    Volcanic  Energy:  An  Attempt  to  develop  its  true  Origin 

%»i  Cosmical  Relations ;   by  Robert  Mallet,  F.RS.     (Proc. 

Am.  Jour.  Sci.— Third  Sbribs,  Vol.  IV,  No.  28.— Nov.,  1872. 

25 
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Boy.  Soc.,  No.  186, 1872).  (Abstract).— The  author  poaiea  ia  Mrf 
review  the  principal  theones  which  in  modern  tfanaa  have  bea 
proposed  to  account  for  volcanic  activity. 

The  chemical  theory,  which  owed  its  partial  aooeptanoe  cUflir 
to  the  fame  of  Davy,  mav  be  dismissed,  as  all  known  fiwts  taai 
to  show  that  the  chemical  energies  of  the  materiala  of  oar  g^be 
were  almost  wholly  exhausted  prior  to  the  consolidation  oif  ill 
surface. 

The  mechancial  theory,  which  finds  in  a  nncleos  stiU  in  a  stste 
of  liquid  fusion  a  store  of  heat  and  of  Uva^  etc.,  is  only  tenabk 
on  the  admission  of  a  very  thin  solid  cmst ;  and  even  throogfa  t 
cruBt  of  about  80  miles  thick  it  is  difficult  to  see  how  Burfiaoe-witer 
is  to  gain  access  to  the  fused  nucleus^  yet  without  water  there  esi 
be  no  volcano.  More  recent  investigation  on  the  part  of  math^ 
maticians  has  been  supposed  to  prove  that  die  earttra  cmst  is  not 
thin.  Attaching  little  value  to  the  calculations  as  to  thi%  bated 
on  precession,  the  author  yet  concludes,  on  other  grounds^  that  die 
solid  crust  is  probably  of  great  thickness,  and  that,  although  then 
is  evidence  of  a  nucleus  much  hotter  than  the  croat^  there  is  as 
certainty  that  any  part  of  it  remains  liquid ;  but  if  so,  it  ia  in  snr 
case  too  deep  to  render  it  conceivable  that  surface-water  shoiila 
make  its  way  down  to  it.  The  results  of  geological  specnlatioD 
and  of  physico-mathematical  reasoning  thus  oppose  each  other,  so 
that  some  source  of  volcanic  heat  closer  to  the  surface  remaius  to 
be  sought.  The  hypothesis  to  supply  this,  proposed  by  JIopklDS 
and  adopted  by  some,  viz :  of  isolated  subterranean  lakes  of  liquid 
matter  in  fusion  at  no  great  depth  from  the  surface  remaining  fused 
for  ages,  surrounded  by  colder  and  solid  rock,  and  with  (by  hypo- 
thesis) access  of  surface-water,  the  author  views  as  feeble  and  un- 
sustainable. 

A  source,  then,  for  volcanic  heat  remains  still  to  be  found ;  and 
if  found  under  conditions  admitting  to  it  water,  especially  of  the 
sea,  all  known  phenomena  of  volcanic  action  on  our  earth's  sor- 
face  arc  explicable. 

The  author  points  out  various  relations  and  points  of  connec- 
tion between  volcanic  phenomena,  seismic  phenomena,  and  the 
lines  of  mountain  elevation,  which  sufficiently  indicate  that  they 
are  all  due  to  the  play  of  one  set  of  cosmical  forces,  though  di- 
ferent  in  degree  of  energy,  which  has  been  constantly  decaying 
with  time. 

He  traces  the  ways  in  which  the  contraction  of  oar  globe  has 
been  met,  from  the  period  of  its  original  fluidity  to  the  present 
state :  first,  by  deformation  of  the  spheroid,  forming  generally  the 
ocean  basins  and  the  land ;  afterward  by  the  foldings  over  and 
elevations  of  the  thickened  crust  into  mountain  ranges,  etc;  and^ 
lastly,  by  the  mechanism,  which  he  points  out  as  giving  rise  to 
volcanic  action.  The  theory  of  mountain  elevation  proposed  by 
C.  IVevost  was  the  only  true  one — that  which  ascribes  this  to 
tiuicential  pressures  propagated  through  a  solid  crust  of  sufficient 
thickness  to  transmit.  xYie^m,  \>[io«A  \)T««9A3xea  being  produced  by  the 
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relative  rate  of  contraction  of  the  nacleus  and  of  the  crust ;  the 
former  being  at  the  higher  temperature,  and  having  a  higher  co- 
efficient of  contraction  for  e(]^ual  loss  of  heat,  tends  to  shrink  away 
Erom  beneath  the  crust,  leaving  the  latter  partially  unsupportea. 
rhia,  which  during  a  much  more  rapid  rate  of  cooling  Irom  higher 
temperature  of  the  whole  globe  and  from  a  thinner  crust  gave  rise 
in  former  epochs  to  mountain  elevation,  in  the  present  state  of 
things  gives  rise  to  volcanic  heat.  By  the  application  of  a  theorem 
of  Lagrange,  the  author  proves  that  the  earth's  solid  crust,  how- 
BTer  great  may  be  its  thickness,  and  even  if  of  materials  far  more 
cohesive  and  rigid  than  those  of  which  we  must  suppose  it  to  con- 
dst,  must,  if  even  to  a  very  small  extent  left  unsupported  by  the 
shrinking  away  of  the  nucleus,  crush  up  in  places  by  its  own 
gravity  and  by  the  attraction  of  the  nucleus. 

This  is  actually  going  on,  and  in  this  partial  crushing,  at  places 
or  depths  dependent  on  the  material,  and  on  conditions  pointed 
out,  tne  author  discovers  the  true  cause  of  volcanic  heat.  As  the 
solid  crust  sinks  together  to  follow  down  after  the  shrinking  nu- 
cleus, the  work  expended  in  mutual  crushing  and  dislocation  of  its 
parts  is  transformed  into  /lecU.  by  which,  at  the  places  where  the 
crashing  sufficiently  takes  place,  the  material  of  the  rock  so 
crashed  and  of  that  adjacent  to  it  are  heated,  even  to  fusion.  The 
access  of  water  to  such  points  determines  volcanic  eruption.  Vol- 
canic heat,  therefore,  is  one  result  of  the  secular  cooling  of  a  tera- 
queotts  fflobe  subject  to  gravitation,  and  needs  no  strange  or  gra- 
tuitous hypothesis  as  to  its  origin. 

In  order  to  test  the  validity  of  this  view  by  contact  with  known 
facts,  the  author  gives  in  detail  two  important  series  of  experi- 
ments completed  by  him : — the  one  on  the  actual  amount  of  neat 
capable  of  Deing  developed  by  the  crushing  of  sixteen  different 
species  of  rocks,  chosen  so  as  to  be  representative  of  the  whole  series 
of  known  rock  formations  from  Oohtes  down  to  the  hardest  crys- 
talline rocks ;  the  other,  on  the  co-efficients  of  total  contraction 
between  fusion  and  solidification  at  existing  mean  temperature 
>f  the  atmosphere  of  basic  and  acid  slags,  analogous  to  melted 
rocka 

The  latter  experiments  were  conducted  on  a  very  large  scale, 
md  the  author  points  out  the  great  errors  of  preceding  experi- 
menters, Bischon  and  others,  as  to  these  co-efficients. 

By  the  aid  of  these  experimental  data,  he  is  enabled  to  test  the 
theory  produced  when  compared  with  such  facts  as  we  possess  as 
:o  the  rate  of  present  cooling  of  our  globe,  and  the  total  annual 
imount  of  volcanic  action  taking  place  upon  its  surface  and  within 
its  crust 

He  shows,  by  estimates  which  allow  an  ample  margin  to  the 
t>est  data  we  possess  as  to  the  total  annual  vulcanicity  of  all  sorts 
>f  our  globe  at  present,  that  less  than  one  fourth  of  the  total  heat 
It  present  annu^y  lost  by  our  globe  is  upon  his  theory  sufficient 
U>  account  for  it ;  so  that  the  secular  cooling,  small  as  it  is,  now 
a^ing  on  is  a  sufficient  priinum  mobile^  leaving  the  greater  portion 
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BtiU  to  be  dissipated  by  ndiatioiL  The  bbU^  tlMtt  Wagi  Mi 
yiews  into  contact  with  varioiiB  Imown  fiuili  it  ToleMplogy  nl 
seismology,  showing  their  accordanoe. 

He  also  shows  that  to  the  heat  developed  by  partial  tamilU 
thrusts  within  the  solid  crust  are  due  those  perturtwifioBi  oT  hjp» 
ffeal  increment  of  temperatnre  which  Horinns  haa  ahnwn  niiiaaf 
be  referred  to  a  cooling  nnclens  and  to  dfinmieea  of  oondnbtifi^ 
alone.  He  further  shows  that  this  view  of  the  0!ri|^  of  Tokadto 
heat  is  independent  of  any  particular  thickneas  being  aiaigiird  It 
the  earth's  solid  crust,  or  to  whether  there  be  at  preaont  a  fiqiii 
fused  nucleus,  all  that  is  necessary  being  a  AcmMst  nnoleiis  usa 
crust,  so  that  the  rate  of  contraction  is  grnter  for  the  fcnner  fhsa 
the  latter.  The  author  then  points  oat  that,  aa  the  aanie  jJiy  d 
tangential  pressures  has  elevated  the  monntain  diaiiia  m  part 
epochs,  the  nature  of  the  forces  employed  acts  a  limit  to  the  hfli^ 
of  mountain  possible  of  ,the  materuds  of  our  globe. 

That  volcanic  action  due  to  the  same  dass  of  foroea  waa  mm 
energetic  in  past  time,  and  is  not  a  uniform  but  a  deeayfaiff  eoeij^ 
now.  Lastly,  he  brings  his  views  into  felation  with  vfuoaaiedf 
produced  in  like  manner  in  other  planets,  or  in  onr  aatdfile,  ml 
shows  that  it  supplies  an  adequate  solution  of  the  suignlar  and  ss 
far  unexplained  met  that  the  elevations  upon  onr  moon^  eturfim^ 
and  the  evidences  of  former  volcanic  activity,  are  upon  a  scale  so 
vast  when  compared  with  those  upon  our  globe. 

Finally,  he  submits  that  if  his  view  will  account  for  all  the 
known  facts,  leaving  none  inexplicable,  and  presenting  no  irrecon- 
cilable conditions  or  necessary  deductions,  then  it  should  be  ac- 
cepted as  a  true  picture  of  nature. 

7.  Solvent  action  of  water.  From  the  Anniversary  Address  of  J. 
Prestwich,  President  of  the  Geological  Society,  February,  1872.— 
Let  us  now  look  at  the  geological  bearing  of  the  question  connect- 
ed with  the  solvent  action  of  the  water  on  the  strata  it  traversea 
The  analyses,  made  for  the  Commission  by  Drs.  Frankland  and 
Odiing,  of  the  waters  of  the  Thames  and  its  tributaries  in  the 
Oolitic  and  Chalk  area,  show  that  the  rain-water  has  taken  up  of 
solid  matter  in  every  100,000  parts  or  grains  a  quantity  varying 
from  25*58  to  82*95  parts  or  grams,  or  an  average  of  29*26,  which 
is  equal  to  20*48  grains  per  gallon ;  another  analysis  of  the  Thames 
water  at  Ditton  gives  20*78  OTains  per  eallon  of  solid  residua  It 
was  also  shown  by  Drs.  Letheby  and  Odiing  and  Professor  Abel 
that  the  unfilterea  waters  of  the  Thames  Companies,  which  take 
their  supplies  above  Kingston,  contained  20*82  of  solid  residue. 

I      If  from  the  average  of  20*68  we  deduct  1  '68  grain  for  organic  and 

'  suspended  matter,  we  have  19  grains  of  dissolved  inorganic  mat- 
ter for  every  eallon  of  water  flowing  past  Kingston.  This  is  of 
course  apart  mm  the  sediment  carried  down  in  floods^  The  ordi- 
nary monthly  analysis,  conducted  by  the  same  eminent  chemists 
dunne  the  course  of  several  past  years,  shows  that  this  quantitj 

1^^  liable  to  very  little  variation,  the  only  difference  being  that  it  is 

^(■Mwbat  larger  in  winter  aii^  Ves^  \xv  %>vami.er« 
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Some  general  estimates  have  already  been  made  by  Professors 
Ramsay  and  Geikie  of  the  quantity  of  mineral  matter  carried 
lown  in  solution  by  the  Thames ;  but  the  more  exact  data  supplied 
U>  the  Commission  enables  us  to  make  some  additions  to  previous 
results.  Taking  the  mean  daily  discharge  of  the  Thames  at  King- 
ston 125Q  million  gallons,  and  tne  salts  in  solution  at  19  grains  per 
gallon,  the  mean  quantity  of  dissolved  mineral  matter  there  carried 
down  by  the  Thames  every  twenty-four  hours  is  equal  to  3,364,286 
Lbs.  or  1502  tons,  which  is  equal  to  548,230  tons  in  the  year.  Of 
this  daily  quantity  about  two-thirds,  or  say.  1000  tons,  consist  of 
carbonate  of  lime,  and  238  tons  of  sulphate  of  lime ;  while  limited 
proportions  of  carbonate  of  magnesia,  chlorides  of  sodium  and 
potassium,  sulphates  of  soda  and  potash,  silica  and  traces  of  iron, 
alumina  and  pnosphates  constitute  the  rest.  If  we  refer  a  small  - 
portion  of  the  carbonates,  and  the  sulphates  and  chlorides  chiefly, 
to  the  impermeable  argillaceous  formations  washed  by  the  rain- 
water, we  shall  still  have  at  least  1 0  grains  per  gallon  of  carbonate 
of  lime,  due  to  the  Chalk,  Upper  Greensand,  Oolitic  strata,  and 
Marlstone,  the  superficial  area  of  which,  in  the  Thames  basin  above 
Kingston,  is  estimated  by  Mr.  Harrison  at  2072  square  miles. 
Therefore  the  quantity  of  carbonate  of  lime  carried  away  from 
this  area  by  the  Thames  is  equal  to  797  tons  daily,  or  290,905  tons 
annually,  which  ^ves  140  tons  removed  yearly  from  each  square 
mile ;  or,  extending  the  calculation  to  a  century,  we  have  a  total 
removal  of  29,090,500  tons,  or  of  14,000  tons  from  each  square 
mile  of  surface.  Taking  a  ton  of  chalk,  as  a  mean,  as  equal  to  15 
cubic  feet,  this  is  equal  to  the  removal  of  210,000  cubic  feet  per 
century  for  each  square  mile,  or  of  -^^  of  an  inch  from  the  whole 
surface  in  the  course  of  a  century,  so  that  in  the  course  of  13,200 
years  a  quantity  equal  to  a  thickness  of  about  1  foot  would  be 
removed  from  our  Chalk  and  Oolitic  districts. 

8.  CarrekUions  of  the  Coal  Measures  of  Britain^  France  and 
JBdgium,  From  the  Anniversary  Address  of  the  President  of 
the  Geological  Society,  Joseph  Westwich,  F.R.S.,  February, 
1872. — It  may  be  asked  if  any  correlation  can  be  established  be- 
tween the  coal  measures  of  Bristol  and  South  Wales,  and  those  of 
France  and  Belgium.  So  far  as  the  identity  of  any  particular  bed 
of  coal  or  of  rock,  it  is  impossible,  and  we  should  not  expect  it ; 
far  the  variation  in  all  the  beds  of  any  coal  basin  is  well  known  to 
be  so  great  and  irapid  that  in  the  different  parts  of  the  same  basin 
it  is  onen  difficult,  and  sometimes  impossible,  to  establish  any  cor- 
relation, while  in  adjacent  basins,  such  as  those  of  Wales  and 
Bristol,  or  of  Hainaut  and  Li6ge,  such  attempts  have,  with  few 
exceptions,  hitherto  utterly  faued.  There  are,  however,  general 
features  which  serve  to  show  some  relationship.  The  great  divid- 
ing mass  of  from  2000  to  3000  feet  of  rock  called  Pennant  exists 
in  Doth  the  Welsh  and  Bristol  coal  field ;  and  the  total  mass  of 
Coal-measures  is  not  very  dififerent,  it  being,  say,  10,500  feet  in  the 
one,  and  8500  in  the  other,  and  there  being  in  Wales  76,  and  in 
Somerset  55  workable  seams  of  coal.    In  tbe  H^AsL^ut  <^t  \^<^'qs^ 
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and  Charleroi)  bamn,  the  meMores  we  MOO  fiM  tUel^  IrMi  119 
fleams  of  coal ;  in  the  Li^  baria  7600  fcet^  with  B6  jeaini;  aal 
in  Westphalia  9800  feet,  with  111  eeami.  On  tibe  other  omL 
none  of  our  central  or  ncnthem  eoal  bariBi,  with  the  meeptioB  tf 
the  Lancashire  field,  exceed  half  this  thiAiwuii,  and  mora  fgeaadtj 
are  nearer  one  foortk  Farther,  the  dUhraiee  wUdi  oriotB  h^ 
tween  the  northern  eoab  and  those  of  Wales  and  Soanset^  As 
preponderance  of  caking  coals  in  the  north,  and  of  anflncit^ 
steam,  and  smiths'  ooal  in  tiie  south,  equally  ezisto  between  ov 
northern  coals  and  those  of  Belgiom,  wnioh  latter  Aow,  on  As 
one  hand,  close  affinities  with  tiioee  of  Wales  and  Brittd.  I  sh 
informed  by  two  experienced  Belgian  ooal-mininff  engiiMWHS  ml 
good  geologists,  who  have  twice  Tudted  oar  ooal  &teiotfl^  Alt  As 
only  coals  they  found  like  those  of  Belgium  were  Ae  ooals  d 
Soath  Wales  and  Radstook;  Acre  was  Ae  some  fbrmctfoleaiTags^ 
the  same  character  of  measures,  and  the  same  fitneae  fior  IOdd  eeo- 
nomical  purposes.  OrgiAiic  remains  afibid  us  a  Httlo  h^lp;  but 
not  sufficient  is  yet  known  of  their  rdatlve  distribadoiL  Us 
plants  are,  as  usual,  Ae  same ;  so  abo  are  Adh  of  the  genas 
ArUhraeoeia^  and  a  number  of  smaH  Bntomoetraea ;  wUHe  then 
is  a  scarcity  of  the  marine  forms  which  are  more  oonomon  in  aoae 
of  our  central  and  northern  fields.  That,  therefore,  wbieh  best 
indicates  the  relation  between  the  coal  fields  of  the  southwest  of 
England  and  those  of  the  north  of  France  and  Belgium,  is  the 
similarity  of  mass  and  structure,  uniformity  of  subjection  to  like 
physical  causes,  and  identity  of  relation  to  the  underlying  older 
and  to  the  overlying  newer  formations. 

It  was  in  the  north  that  the  conditions  fitted  for  the  formation 
of  coal  first  set  in.  The  common  Stigmaria  fteoides  aud  yarioos 
Coal-measure  plants  appear  at  the  base  of  the  Carboniferous  or  in 
the  Tuedian  series  of  ^  orthumberland,  which  there  overlies  con- 
formably the  Upper  Old  Red  Sandstone ;  and  productive  beds  of 
coal  exists  low  down  in  the  Mountain-Limestone  series.  These 
disappear  in  proceeding  southward,  and  the  great  productive  coal 
series  becomes  confined  to  beds  overlying  the  Millstone  Grit  If 
the  coal  growth  set  in  earlier  in  the  north,  it  seeme  to  have  been 
prolonged  further  south,  under  more  favorable  conditions,  to  a 
later  period.  What  those  conditions  were — whether  the  proximity 
of  a  greater  land-surface,  of  a  longer  and  greater  subsidence,  with 
more  numerous  rests — we  cannot  yet  pretend  to  say. 

9.  Recent  Observations  in  the  JJemmdas;  by  MArrmEw  Jokkb. 
— A«  my  late  visit  to  these  islands  has  placed  me  in  possession  of 
facts  relating  to  their  original  aspect  of  a  somewhat  conclusiTe 
nature,  I  deem  it  advisable  to  communicate  such  in  a  brief  form, 
instead  of  awaiting  the  time  requisite  for  the  preparation  of  a  more 
elaborate  paper  on  the  subject. 

On  previous  occasions  1  have  always  regretted  my  inability, 
from  lack  of  time,  to  look  more  closely  into  their  geological  char- 
acter in  the  hope  of  discovering  some  satisfactory  clue  to  their 
primitive  condition.     I  was  aware  that  in  different  parts  of  the 
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islands  road  cuttings  and  well  borings  had  revealed  layers  of  red 
earth  at  certain  depths  below  the  surface,  the  consistence  of  which 
was  similar  to  that  now  forming  the  present  surface  'Soil,  and  it 
did  not  require  much  force  of  imagination,  after  personal  inspec- 
tion, to  conceive  that  such  layers  of  red  earth  were  first  formed 
by  the  decomposition  of  vegetable  matter  which  grew  upon  former 
surfaces,  and  became  covered  to  their  respective  depths  by  accu- 
mulated masses  of  drift  sand,  which  from  natural  causes  hardened 
into  more  or  less  compact  sandstone.  But  these  different  layers 
were  but  a  few  feet  beneath  the  surface,  and  so,  although  inter- 
esting as  throwing  light  upon  th^  gradual  elevation  of  the  land 
by  drift  material  forming  over  them,  yet  they  afforded  no  evidence 
of  a  contrary  nature — viz :  the  anbmergence  of  the  Bermuda  group. 
Indeed,  I  have  always  been  led  to  suppose  from  appearances  that 
the  whole  group  was  the  result  of  an  upheaval  of  the  ocean  bed 
slightly  above  the  water  level,  and  a  gradual  elevation  afterward 
by  means  of  drift  matter  aided  by  the  consolidating  agency  of 
reef-building  zoophytes  encircling  the  whole  with  a  barrier  reef, 
and  by  isolated  patches  gradually  filling  up  the  space  within. 
The  investigations,  however,  which  I  have  recently  been  able  to 
make,  tend  I  think  to  prove  that  the  barrier  reef  encircling  the 
islands,  which  has  hitherto  been  considered  an  atoll,  is  merely  the 
remnant  of  the  more  compact  calcareous  rock  which  formed  the 
shore  of  a  much  more  extensive  island  group  than  that  now 
existing. 

My  views  in  this  respect  are  borne  out  by  the  following  facts : 
— ^The  barrier  reef,'  as  far  as  I  have  inspected  it,  is  merely  ordinary 
calcareous  rock  coated  with  SerpulsB,  Nullipores,  &c.,  the  reef 
builders  working  only  in  the  sheltered  waters  between  the  reef 
and  the  shore  in  three  to  eight  fathoms.  About  two  years  ago 
submarine  blastings  were  carried  on  at  the  entrance  of  Hamilton 
Harbor,  and  at  a  depth  of  over  six  fathoms  a  cavern  was  broken 
into  which  contained  stalactites  and  red  earth.  Again  within  the 
last  few  months,  I  have,  through  the  kindness  of  his  Excellency 
Major-General  Lefroy,  C.B.,  I^.R.S.,  the  present  Governor,  been 
placed  in  possession  of  still  more  satisfactory  information. 
buring  the  past  two  years  extensive  submarine  blastings  have 
taken  place  inside  an  artificial  harbor,  situated  at  the  western 
extremity  of  the  islands,  for  the  purpose  of  forming  a  bed  of  suffi- 
cient depth  for  the  reception  of  the  "  Great  Bermuda  Dock,'*  which 
attracted  so  much  attention  ofl^  Woolwich  when  launched  some 
three  or  four  years  ago.  The  excavations  extended  to  a  depth  of 
fifty-two  feet  oelow  low  water  mark.  At  forty-six  feet  occurred 
a  layer  of  red  earth  two  feet  in  thickness,  containing  remains  of 
cedar  trees,  which  layer  rested  upon  a  bed  of  compact  calcareous 
sandstone.  Here  we  have  the  first  satisfactory  evidence  of  the 
submergence  of  an  extensive  deposit  of  soil  once  upon  the  surface, 
and  that  to  the  depth  of  forty-eight  feet  below  the  present  low 
water  level,  which  consequently  grants  an  equal  elevation  above 
it  in  former  times.     Now,  on  carefully  surveying  the  Bermuda 
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ohart,  we  find  that  an  elevation  of  foity-«ght  ftet  wiH  briv  the 
whole  Kpace  which  intervenes  between  the  preaent  land  ana  the 
barrier  reef^  now  covered  with  water,  above  the  water  IsvcL 
This  attained,  what  more  is  required  to  proye  the  towmut  meal 
of  the  island  group  before  the  present  sabmergenoe  to  the  praseat 
barrier  reef?  But  having  clearlj  asoertained  beyond  doabt  thift 
the  Bermudas  were  once  forty-eight  feet  higher  than  at  pnessBt, 
will  any  one  be  bold  enough  to  aeny  them  a  greater  devatioaf 
I  have  reason  to  believe  that  thev  onoe  eztendea  in  a  aooAh-weil- 
erly  direction — not  only  out  to  the  reef,  but  to  a  greater  distaaea 
There  are  some  rocky  ledges  about  twenty  to  twenty-five  mikt 
from  land  in  that  direction,  known  as  "The  Flatts,"  lying  in  aboal 
thirty  five  to  forty  fathoms  water ;  and,  singularly  enough,  ia  the 
very  oldest  maps  of  the  Atlantic,  copies  of  which  I  have  consoltel 
in  the  British  museum,  ^'The  False  Bermudas'*  are  pat  dowa 
about  this  position.  Is  it  unreasonable  to  suppose  taat  a  low 
lyin^  group  of  islets  did  actually  exist  here  m  former  times  t 
Again,  in  Smith's  "  History  of  yimnia,**  which  gives  an  eaeeMeat 
account  of  the  islands  in  the  early  part  of  the  seventeenth  eea- 
tury,  it  is  stated,  among  other  notes  upon  their  natural  history, 
that  flocks  of  crows,  no  doubt  the  same  species  {OarvuB  Aamri^ 
ca?iti8)  which  now  inhabits  them,  were  in  the  habit  every  evening 
of  winding  their  flight  from  the  main  island  toward  the  north. 
This  observation,  which  fiom  its  simplicity  I  should  the  more 
readily  believe  to  be  a  true  statement,  would  clearly  prove  the 
existence  of  land  in  that  direction  at  no  great  distance ;  f«^r  the 
habit  of  this  bird  to  leave  its  roosting  place  for  distant  feeding 

f  rounds  during  the  day,  to  return  at  random,  is  one  of  its  well- 
nown  characteristics. 

Taking  these  matters  into  consideration,  I  see  everything  to 
support  the  supposition  that  the  Bermudas  once  presented  a  much 
more  extensive  aspect  than  they  do  at  present,  and  certain  addi- 
tional evidences  which  I  hope  to  bring  forward  shortly  in  a  collected 
form,  will,  I  conceive,  tend  to  confirm  my  impression  that  the 
restricted  terraqueous  area  lying  within  the  limits  of  the  outer 
barrier  reef  is  merely  the  summit  of  one  of  a  range  of  islands 
which  extended  in  somewhat  semicircular  form  for  a  distance  of 
seventy  or  eighty  miles,  and  which  have  suH'ered  submergence  to 
a  depth  only  to  be  correctly  ascertained  by  borings,  which  might 
be  successfully  accomplished  under  the  auspices  of  the  Govern- 
ment at  a  triflmg  expence. — Nature^  Aug.  1. 

10.  History  of  the  names  Cambrian  and  Silurian  in  Geology ^ 
by  T.  Sterry  Hunt.  64  pp.  8vo.  From  the  Canadian  Nat- 
uralist for  April  and  July,  1872. — Prot  Hunt  has  here  made  a 
valuable  contribution  to  historical  geology.  But  the  conclusion 
of  the  whole  matter  that  the  name  Cambnan  should  be  now  used 
in  this  and  other  lands  for  the  Primordial  or  part  of  it,  because 
would  be  in  accordance  with  "  historic  truth,"  does  not  seem 
sarily  to  follow. 

England,  the  so-called  Cambrian  has  turned  out,  as  Hunt 
Prunordial  in  its  upper  half  at  least — a  part  now  called 
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the  Menevian  group,*  with  the  underlying  Harlech  grits ;  that  is, 
it  contains  Paradoxides  and  the  same  range  of  &:enenc  forms  that 
Barrande  and  others  had  previously  founa  in  the  European  Pri- 
mordial ;  and  a  transfer,  therefore,  of  all  to  the  Primordial  was 
natural  But  Prol  Hunt  says,  after  alluding  to  the  views  of  some 
others,  that  Barrande's  course  "  is  a  still  greater  violation  of  his- 
toric truth,"  as  if  error  which  history  had  made  venerable  might 
never  be  eradicated  from  science. 

The  term  Silurian,  as  used  in  Great  Britain,  has  included  a 
wide  range  of  formations,  from  the  Lingula  Flags  to  the  top  of  the 
Ludlow  group,  and  all  this  in  spite  of  a  wide  range  in  the  tribes  of 
fossil  species,  and  notwithstanding  the  unconformability  between 
the  Upper  and  Lower  Silurian.  N  ow  the  Lingula  Flags  pass  into 
the  Cambrian  without  break  or  unconformability,  and  with  but  a 
small  change  in  the  life.  What  good  scientific  reason  is  there  for 
cutting  oil  this  comprehensive  division  of  geological  time,  the 
Silurian,  at  a  point  both  stratigraphically  and  pfdeontologically 
unimportant  ?  Why  should  Murchison's  or  Sedgwick's  determina- 
tion of  the  limits  of  the  Silurian,  made  in  an  early  stage  of  the 
science,  have  anything  more  than  a  historical  interest  ?  To  throw 
the  Lingula  flags  down  into  the  Cambrian,  as  Lyell  has  done, 
is  violating  '^  historic  truth"  as  much  as  to  throw  the  Primordial 
Cambrian  beds  up.  "  Historic  truth,"  in  fact,  has  little  weight  in 
the  question,  though  important  as  regards  the  labors  of  two 
eminent  English  geologists.  Whichever  course  best  exhibits  the 
system  of  geological  truth  should  be  the  one  adopted  by  the 
science.  If  the  term  Cambrian  has  advantages  over  Primordial 
suflicient  to  make  its  substitution  for  the  latter  desirable,  that  will 
take  place,  whatever  the  past  may  say ;  but  otherwise,  not.  In  a 
similar  manner,  if  the  distinction  between  a  Para^/oxidea  and  an 
OlenuSy  and  other  differences  less  important  between  the  living 
species  of  these  groups,  is  not  enough  to  demand  that  the  Primor- 
dial (or  Cambrian)  should  be  separated  from  the  Silurian  and  be 
made  a  separate  and  equivalent  grand  division  in  the  system,  it 
should  not  be  done  whatever  the  authority  for  it. 

11.  Report  of  the  Geological  Survey  of  the  State  of  New  Hamp- 
shirCy  showing  its  progress  during  the  year  1871;  by  C.  H. 
Hitchcock,  Ph.D.  56  pp.  8vo.  Nashua,  N.  H.,  1872. — Pro£ 
Hitchcock  has  made  great  progress  during  the  year  in  deter- 
mining the  distribution  of  the  Labradorite  and  other  rocks  of  the 
White  Mountain  region,  and  is  throwing  much  light  on  this  dark 
and  most  difficult  part  of  American  geology.  His  report  is 
accompanied  by  a  colored  map,  showing  the  areas  occupied  by 
the  different  kinds  of  rocks.     There  are  also  descriptions  of  the 

*  Some  of  the  species  described  from  it  by  Salter  are  Paradoondea  Lavidit, 
P,  AurorOf  P.  Hickni^  Anopolemu  (near  Paradoxides)  Henricij  A.  Salteri  Hickfl, 
Oonoeoryphe  (Conooephalites)  variolariSf  C.  Bufo  Hicks,  C.  appkmaUij  C.  (f)  hum* 
eromif  Bbhcq>?ialina  (near  Gonocoryphe)  prvnwrdialia^  Agnostva  princeps^  Micro- 
di»aia  punetaiuSj  Leperditia  Solvensis  Jones^  Thecacorragata^  Proiospongia/enestraku 
See  further,  Quart  Jour.  Geol.  Soc.,  zz,  233,  xzi,  476,  zxr,  51,  xzriii,  173  and 
B6p.  Brit  AflBoa  for  1866,  1866  and  1868. 
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rocks,  and  a  number  of  aaalTMt  of  tbe  oontafaMd  fiHafur.  Ihi 
Report  also  eontaini  very  Tillable  tablflirflt^te  Jong  Jiftiwi 
railroads,  and  in  the  momitaina  Then  axe  brief  acconnU  aim  it 
iron-ore  in  Bartlett,  and  the  aUnvial  gold  of  Iildboi  nimeiH  Ihi 
preparation  of  the  final  qnarto  Report  on  tlie  gecJogy  df  the  Btili 
IB  stated  to  have  been  began. 

12.  Memorie  per  eervire  aUa  DeecrtdoM  deOa  OariaCMoglm 
cP  Italia ;  pablicate  a  cnra  del  R  Comitato  Geologieo  del  RqMi 
Vol  L  864  pp.  8to. — ^A  beautiftal  Tohime  of  itafian  gerikwcil 
memoirs,  illustrated  by  a  geol<MB;ioal  map  of  tiie  Idana  of  B^ 
and  many  plates  of  sections  anafossibk  Ihe  figmea  of  Tertfasy 
fossils  fill  seven  qnarto  plates,  and  are  adndiably  ennaved 

18.  On  the  Oecmrenee  of  Nintim  8yl^Jknrie  AtM  in  JBrnkm 
Texas;  by  J.  W.  Malut^  Ph.D.  (Proa  Brit.  Aaaoa,  imH 
Not  far  from  the  Ghilf  of  Mexico,  and  within  twenty-ftre  or  tUM 
miles  to  the  westward  of  the  Neohes  river,  there  ooear  at  -eeveid 
localities — ^in  some  instances  in  the  woods,  in  othera  in  the  miht 
of  open  prairie— small  drainBure-wells  and  shallow  pools  of  watv 
strongly  sour  to  the  taste.    This  sourness  is  due  to  the  prsseaos 

laalts.  espe- 


of  free  sulphuric  acid,  which  is  accompanied  by  varions salts, 
cially  aluminium  and  iron  sulphates.  At  most  of  these  pmnti 
gases  are  continually  escaping  (nydrogen  sulphide,  marsh  gas,  and 
carbonic  anhydride),  the  bubbles  burning  readily  on  the  application 
of  a  light. 

At  the  bottom  of  the  water  in  some  instances,  as  at  one  point 
where,  by  means  of  an  artificial  bank,  a  pond  has  been  formed  of 
some  250  feet  in  diameter,  known  locally  as  the  **  sour  lake,^  an 
earthy  crust  with  intermingled  free  sulphur  is  observable.  A 
thick,  tarry  variety  of  petroleum  is  fouud  oozing  from  the  8U^ 
rounding  soil,  occasionally  to  such  an  extent  that  sods  taken  np 
with  a  spade  are  set  on  lire  and  used  to  give  light  in  the  open  air 
at  night. 

At  a  point  in  Louisiana  some  fifty  or  sixty  miles  further  east, 
where,  however,  the  acid  water  does  not  occur,  though  combusti- 
ble gas  and  petroleum  are  met  with  on  the  surface,  a  most  remark- 
able bed  of  native  sulphur,  looy^e^  in  thickness^  has  been  reached 
at  the  depth  of  450  feet  by  boring,  and  a  shaft  is  being  at  present 
sunk  for  its  exploitation.  This  large  mass  of  native  sulphur  is 
more  or  less  mingled  with  calcium  carbonate,  and  underlaid  hy 
gypsum.  The- circumstances  connected  with  the  occurrence  to- 
gether in  this  region  of  combustible  gases,  petroleum,  sul)»hur, 
sulphuric  acid,  and  gypsum  are  of  great  interest  in  relation  to  the 
mineral  history  of  native  sulphur. 

The  sulphuric  acid  water,  which  seems  to  be  probably  alto- 
gether of  superficial  origin,  is  worthy  of  notice  from  tbe  unusual 
strength  occasionally  attained.  The  water  varies  very  much  at 
the  different  localities  and  at  different  times.     In  one  instance,  s 

ecimen  examined  by  Dr.  Mallet  contained  no  less  than  5*290 
s,  of  free  sulphuric  acid  (HjSO^)  to  the  litre,  or  870  grs.  to  the 

perial  gallon,  this  exceeding  any  amount  hitherto  reported  from 
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other  localities,  unless  the  acid  spring  of  the  Paramor  de  Ruis,  in 
New  Granada,  be  an  exception,  examined  by  Lewy,  who  does  not 
state  precisely  how  much  otthe  very  large  quantity  of  sulphuric  acid 
found  is  unoombined  with  bases.  The  water  of  the  Rio  Vinagre, 
flowing  from  the  volcano  of  Purace  in  the  Andes  of  Popayan,  as 
described  by  Humboldt  and  Boussingault,  contains  only  I'll  of  free 
sulphuric  acid  (SO3?)  in  1000  parts  of  the  water,  with  0*91  of 
hydrochloric  acid. 

14.  Analysis  of  a  Compact  Talc  from  North  Carolina  :hj  Mr. 
J.  B.  Adger,  of  the  Laboratory  of  the  University  of  Virginia. 
(Chemical  News,  No.  664.) — Among  the  minerals  referred  to 
there  was  a  very  beautiful  "  soapstone,  from  the  Nantahela  Moun- 
tains, 8  miles  from  the  mouth  of  Nantahela  River,  Swayne  Co. 
(formerly  Cherokee  Co.),  N.  C."  It  had  been  sawn  into  slabs  of 
about  1^^  inches  thick,  was  very  uniform  in  character,  compact, 
with  indistinct  traces  of  foliated  structure,  white  with  a  faint  green- 
ish Mhade,  lustre  pearly,  streak  white,  moderately  translucent,  greasy 
to  the  touch,  hardness  =  about  1*25,  sp.  gr.  =  2*82.  It  resembled 
somewhat  the  finer  and  light-colored  specimens  of  Chinese  jade  or 
nephrite.  Analysis  afforded:  Silica  57*72,  magnesia  33*76,  alu- 
mina 2*62,  iron  monoxide  0.64,  water  6*01=100*65. 

If  the  silica,  magnesia,  and  water,  alone  be  considered,  the 
above  numbers  correspond  pretty  closely  to  the  formula  (JMgO 
+*H,(>),Si<>,4^H,0. 

The  mineral  is  obviously  distinct  from  the  foliated-  talc  from 
Webster,  Jackson  Co.,  N.  £).,  analyzed  hy  Genth  (this  Jour.,  II, 
xzxiii,  200,  as  quoted  in  Dana's  "Mineralogy,"  6th  ed.,  p.  453). 
In  the  latter  0*28  per  cent  of  nickel  oxide  was  found,  and  but  0*34 
per  cent  of -water. 

In  the  mineral  now  described  there  is  no  nickel. 

UniTersity  of  Virginia,  March  12,  1872. 

16.  Leucite. — Prof,  vom  Rath,  the  excellent  crystallographer  of 
Bonn,  has  found,  through  the  examination  of  a  twin  crystal,  as 
well  as  by  measurements,  that  the  crystals  of  Icucite,  instead  of 
being  isometric  trapezohedrons,  are  really  tetragonal 

16.  On  the  occurrence  in  recent  Pine  timber  of  Fichtelite^  a 
hydrocarbon  hitherto  knotcfi  only  in  a  fossil  state/  by  J.  W. 
BiALLBT,  Ph.D.  (Proc.  Brit.  Assoc,  1872.) — Some  nearly  colorless 
crystalline  crusts,  found  in  clefts  between  ihe  annual  rings  of 
growth  of  a  log  of  long-leafed  pine  (Phivs  AuMralis)  in  Alabama, 
were  found  to  dissolve  in  boiling  alcohol  (more  easily  in  ether), 
and,  on  cooling,  to  crystallize  in  monoclinic  forms  with  greater 
distinctness.  A  specimen  was  exhibited  of  this  material  purified 
by  two  or  three  re-crystallizations ;  it  ha<l  been  found  to  agree 
perfectly  in  physical  and  chcmioal  properties  with  the  fiehtelite  of 
Bromeis  and  Clark,  and  on  analysis  yielded — 

Carbon 87*82 

Hydrogen       11-91=99*73 

agreeing  with  the  formular  ^(CgHg).     The  fusing-point  was  found 
=46*»C. 
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17.  Botanical  Publications  and  Intelligence, — ^Among  the  pub- 
lications that  have  come  to  hand  the  most  important  to  Amencan 
botanists  is  the 

Genera  Lichenum^  an  Arrangement  of  the  North  American 
Lichens^  by  Edward Tuckerman,  M.A.  Amherst:  Edwin  NelsoiL 
1872.  pp.  XV,  281,  8vo. — ^This  small  volume  contains  the  mature 
and  long-considered  results  of  many  years  of  earnest  study,  and 
has  been  retarded  and  (as  respects  its  introductory  chapter)  coiv 
tailed  by  serious  illness  brought  on  by  overwork  upon  it.  Hav- 
ing earned  it  through  the  press,  the  author  is  seeking  repose  and 
complete  restoration  in  the  Old  World,  whither  our  best  thanks 
and  wishes,  and  those  of  all  his  botanical  associates,  follow  him. 
We  hope  for  his  return  in  due  time,  in  full  vigor,  and  that  the 
*'  Synopsis  of  the  North  American  Lichens,  which  is  in  prepara- 
tion, but  for  the  present  necessarily  laid  aside,"  may  be  resumed 
and  completed.  Then  our  students  of  lichens,  and  those  who 
would  fain  be  such,  will  for  the  first  time  be  supplied  with  text 
books  for  the  study,  and  those  of  the  very  highest  order  of  merit 
The  present  work,  addressed  to  lichenologists  and  necessarily  crit- 
ical, not  to  say  recondite,  needs  to  be  supplemented  by  the  Synop- 
sis, which  will  be  a  practical  guide  to  the  beginner.  We  are 
incompetent  to  criticize  this  volume ;  but  we  may  say  that  the 
print  and  paper  are  truly  excellent,  and  if,  as  the  imprint  indi- 
cates, the  composition  and  press-work  were  done  in  a  country 
office,  it  is- wondeiful. 

The  Flora  of  British  India,  by  J.  D.  Hookbb,  C.B.,  Ac., 
assisted  by  various  Botanists.  Parti,  pp.  208,  8vo.  London:  L. 
Reeve  &  Co.  1872. — The  Indian  Flora  is  here  begun  again,  in  a 
form  jiikI  scope  and  with  a  vigor  which  render  its  completion  hope- 
ful. "The  oi'iginally  contemplated  and  more  extended  plan," 
exemi)lified  in  the  first  and  only  volume  of  Dr.  Hooker  and  Dr. 
Thomson's  Indian  Flora^  being  abandoned,  on  account  of  the  long- 
continued  ill-health  of  the  latter  and  the  manifold  other  duties  of 
the  former,  the  task  is  now  taken  up  more  advantageously  in  a 
form  like  that  of  the  other  British  Colonial  floras,  but  still  more 
condensed,  indeed,  nearly  on  the  model  of  Dr.  Hooker's  Flora  of 
the  British  Islands.  This  gives  on  the  average  between  three 
and  four  species  to  the  page.  The  references  are  sufficient ;  and 
the  terse  characters  are  more  serviceable  than  long  descriptive 

1:)hrases.  The  work  will  be  voluminous  enough  when  the  14,000 
Indian  species  are  described  in  it.  The  present  half  volume 
begins  with  JRanunculacece  and  ends  with  Polygalacae,  Dr 
Thomson's  name  is  associated  with  the  editors  in  the  earlier 
orders ;  Dr.  Anderson's  in  Cruciferoe ;  and  the  PolygalacciB  are 
elaborated  by  Mr.  A.  W.  Bennett. 

GrevUlea^  a  Monthly  Record  of  Cryptogamic  Botany  and  its 
Literature;  edited  by  M.  A.  Cooke,  M.A.  Williams  &  Norgate, 
8vo.  In  parts  of  16  pages;  sixpence  a  number;  five  shillings  a 
year. — Three  numbers,  July — September,  are  before  us;  each  has 
a  plate,  colored  or  plain ;  and,  although  Fungi  naturally  predomi- 
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late  in  the  letter-press,  the  other  lower  Cryptogams  have  their 
ihare  of  attention.  The  characters  of  the  Pungi  described  by 
Mr.  Peck  in  the  23d  Report  of  the  Regents  of  the  University  of 
;h€  State  of  New  York,  are  here  reproduced.  A  series  of  articles 
by  the  veteran  mycologist  Berkeley,  describing  North  American 
Mingi,  begins  in  the  third  number.  In  fact,  American  Crypto- 
^mic  Botany  is  likely  to  receive  no  small  share  of  attention,  and 
pre  would  warmly  commend  this  little  journal  to  all  who  in  this 
jountry  aye  interested  in  these  subjects.  We  think  the  work  will 
!>rove  worthy  to  bear  the  honored  name  of  one  of  the  most  wor- 
thy of  British  Cryptogamists  of  the  last  generation. 

Linthma. — ^The  third  volume  of  the  new  series,  edited  by  Garcke 
*of  which  three  fascicles  are  at  hand),  continues  Bdckler's  long 
iceonnt  of  the  Cyperacece  of  the  Berlin  herbarium,  and  also  the 
ate  Dr.  Rohrbach's  papers  on  CaryophyUem.  The  portion  of  the 
atter  now  published  relates  mainly  to  the  Alsmem  of  the  New 
World,  from  Mexico  southward,  and  is  edited  by  Dr.  Garcke.  It 
B  seldom  wise  to  print  posthumous  manuscript  which  is  not  fairly 
completed  by  the  author.  For  instance,  Lastarricea  of  Remy  is 
lere  included  in  the  lUecebrece  or  ParonychiecR^  with  the  remark 
;hat,  although  Remy,  with  all  the  characters  before  him,  had 
•eferred  the  genus  to  the  PolygonaeecBy  Mr.  Bentham  had  cor- 
•ectly  transferred  it  to  the  former  order,  and  had  even  been  antici- 
Mited  by  Kunze  and  (in  mss.)  by  Kunth.  if  liohrbach,  and  still 
nore,  Bentham,  had  really  noticed  the  orthotropous  ovule  and 
leed,  they  could  hardly  have  failed  to  see  the  Polygonaceons  char- 
acter. The  genus,  as  we  have  elsewhere  indicated,  is  as  it  were 
k  Chorizanthe  without  a  distinct  gamophyllous  involucre,  but 
rith  perianth  imitating  it. 

Casimir  DeCandolle,  in  the  third  fascicle,  publishes  descriptions 
f  new  Piperacece  which  have  come  to  his  notice  since  the  publi- 
ation  of  that  order  in  the  Prodromus.  It  begins  with  "  Anemi". 
psis  Bolafideri^^  from  California,  founded  on  specimens  from  Dr. 
Solander  which  are  yet  unknown  to  us. 

The  Flora  BrasiliensiSj  continued  by  Professor  Eichler,  has 
>r.  Masters'  revision  of  the  Passifloracece  for  the  67th  fascicle; 
jid  this  completes  vol.  13,  part  1,  with  index,  <fcc.  The  synopsis 
►f  all  the  known  American  species  is  a  great  help.  Fascicle  68, 
rhich  completes  the  second  part  of  vol.  14,  contains  the  Phyto- 
accacecB^  by  J.  A.  Schmidt  of  Hamburg,  and  the  NyctaginecB  by 
he  same ;  also  the  Crassulacem  (only  two  indi&cenous  species)  and 
OroseracecB  (a  dozen  of  Drosera)  by  the  editor  himself.  He 
emarks  (from  Caspary)  that  in  all  tne  pentamerous  species  of 
Drosera  tne  second  sepal  faces  the  axis,  while  in  Aldrovranda  the 
inns  between  the  second  and  fourth  is  in  this  position,  the  third 
leing  superposed  to  the  bract.  D.  intermedia  (i.  e.,  2>.  longifolia 
A,  var.  Americana)  extends  to  Brazil,  where  D.  graminifolia 
epresents  our  northern  D.filiformis.  Fascicle  69  is  a  very  thin 
ne ;  it  contains  only  the  JEquisetacecey  which  were  elaborated  by 
be  late  Prof  Milde,  and  the  two  sheets  were  printed  more  than 
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two  years  ago.    Tbey  have  been  awaiting  Pipol  Btwmafn 

of  the  Rhiaocafpem  and  I§o§te$^  which,  when'  ianiedy  will  fiompkdi 

the  volume  of  the  higher  Cryptoffamia. 

IVof.  ITo/fMuierhtm  accepted  the  botankial  chair  at  Tatimn» 
vacated  by  the  death  <rf  Yon  Mohl;  J>r.  Smcha  anoeaaAi  Ifnlinaa 
ter  at  Heidelberg;  and  Dr.  Miffdmaiim'  la  the  naw  pfpfcawg  li 
Kiel.  Prof  Kemer  has  been  transfiwred  ttam.  Innapnek  to  tti 
University  of  Prague.  By  a  misOTint  in  the  Jnly  namber  of  fUi 
Journal,  the  name  of  the  late  JDr.  Wight  was  given  as  Dr^  Wii^ 

Msrbarium  of  the  late  Dr.  Owtu, — ^A  biogn^phicaf  noClee  d 
the  late  Dr.  M.  A.  Curtiay  which  has  been  abeady  too  long  deftn^ 
must  now  be  postponed  to  the  January  namber.  Ka  heriiarini 
is  to  be  sold  by  hu  fkmily,  under  direotiona  firom  Dr.  CortiB  thm 
it  shall  be  kept  together  if  practicable.  CSearly  this  ooUeetioB 
ought  to  be  retained  in  North  Oarolina^  being  aathentie  finr  the 
flora  of  that  State  and' the  exponent  of  his  full  cataloflniea  and  det 
criptions  of  the  plants  of  North  Oarolinai  pnbliahed  by  the  Still 
Government.  A  moderate  sum  would  probably  aeoora  it|  mk 
would  be  most  worthilv  invested  to  that  end.  If  the  State  riioaU 
not  acquire  it,  or  if  it  should  be  found  necessary  to  divide  it^  the 
collection  of  JFkmffi  ought  to  find  a  ready  sale,  as  it  oontsini 
the  t^pes  of  the  hundreds  or  even  thousands  of  speoiea  which  Di: 
Curtis  has  described,  or  at  least  determined  and  catalogued.  Its 
loss  to  science,  or  even  to  this  country,  would  be  irreparable. 

Bentham  and  Hooker's  Genera  PlamJtarufny  vol.  2. — We  have 
seen  more  of  the  earlier  sheets  of  this  volume,  the  first  part  of 
which  may  be  expected  at  the  close  of  the  year.  a.  o. 

VI.  A  Handbook  of  Chemical  Technology  ;  by  Rudolph  Waq- 
NEB,  Ph.D.,  Professor  of  Technology  at  the  University  of  Wurti- 
burg.  Translated  and  edited  from  the  eighth  Grennan  edition,  with 
extensive  additions,  by  William  Crookes,  F.R.S.  Large  8  vo,  pp^vi, 
746,  xvi  New  York,  1872.  (D.  Appleton  &  Co.) — Professor  Wsg^ 
ner's  name  has  become  universally  known  by  his  excellent  Jahres- 
bericht  der  chemischen  Technologie,  which  first  appeared  in  1856. 
The  first  edition  of  the  work  before  us  was  issued  in  1850,  ands 
new  edition  has  since  appeared  regularly  every  three  years,  con- 
stantly enriched  and  improved  by  the  progress  of  discovery.  The 
eminence  of  the  author  in  his  chosen  field  ensures  a  valuable  vol- 
ume. And,  although,  from  the  necessities  of  the  case,  it  must  be 
somewhat  cursory  m  its  plan,  since  it  is  obviously  impossible  to 
get  the  whole  of  applied  chemistry  into  such  a  volume,  yet  we  are 
agreeably  disappointed  at  the  number  of  the  subjects  considered 
and  the  thoroughness  with  which  they  are  treated.  Mr.  Crookef^ 
deserves  praise,  also,  not  only  for  the  excellence  of  his  translation, 
but  for  the  original  matter  he  has  added.  Now  that  we  have  in 
English  so  good  a  text-book  upon  Chemical  Technology,  we  tnut 
that  more  attention  will  be  paid  to  teaching  it  systematically  m 
our  schools  of  science. 

18.  On  Beavers  and  Beaver  Dams  m  Mississippi ;  by  Mr. 
John  Shelton.  (From  a  letter  to  one  of  the  editors,  dat^  Ray- 
mond, Hinds  Co.,  Mississippi,  Sept  12.)— I  have  resided  in  tlus 
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county  since  1 83  7,  now  for  nearly  thirty-five  years.  When  I  came 
here  I  was  young  and  somewhat  given  to  hnnting.  At  the 
outset,  to  my  inquiries  of  other  hunters,  whether  there  were 
beavers  here,  it  was  replied,  that  there  were  a  few,  but  no  one 
could  then  tell  me  where  l^ere  was  one  of  their  dams  in  this 
neighborhood. 

And  yet  by  the  year  1860,  their  dams  were  to  be  found  in  nearly 
all  the  streams  in  the  county,  that  were  not  so  small  as  to  become 
dry  during  our  Jong  summers,  or  two  large  for  the  operations 
of  the  beaver.  They  continued  to  increase,  greatly  to  the  injury 
of  most  of  our  low  land,  and  to  the  annovance  of  its  cultivators. 
In  1858  or  1859,  a  professional  trapper  from  Wisconsin,  if  I  am 
not  mistaken,  caught  seventy-five  or  eighty  beavers  in  thb  county 
in  less  than  a  month's  time. 

They  are  yet  increasing  in  this  countv,  as  I  have  no  doubt  they 
are  in  all  the  counties  of  central  Mississippi  and  Alabama,  and 
perhaps  entirely  throughout  both  States.  1  nave  no  doubt  that,  in 
Hinds  county,  they  are  more  than*  half  as  numerous  as  the  populi^ 
tion.  I  now  write  in  the  Court  House  of  the  county,  and  they 
can  be  found  in  sight  of  it,  and  at  a  less  distance  than  one  mile. 

ni.   Astronomy. 

1.  Spectrum  of  the  Aurora;  by  Edward  L  Holden,  2d  Lieut, 
of  Engineers.  (From  a  letter  to  the  editors,  dated  West  Point, 
N.  T.,  Oct.  14,  1872.) — ^I  have  this  evening  succeeded  in  observ- 
ing the  spectrum  of  a  very  fine  aurora,  which  appeared  about  7 
p.  M.,  and  lasted  perhaps  20  minutes.  It  first  appeared  as  a  rosy 
cloud  about  15°  wide  and  perhaps  30°  high,  beanng  N.  30**  W.  by 
compass.  Afterward  it  spread  to  the  zenith,  and  was  principally 
in  the  shape  of  a  band,  of  (say)  15°  wide  extending  from  the 
N.W.  to  the  E.  No  pulsations  of  any  magnitude  were  evident, 
bat  a  radiated  structure  was  manifest. 

The  spectroscope  (pocket,  by  Hawkins  &  Wales)  was  first 
tamed  on  the  full  moon,  and  an  idea  of  the  length  of  the  spectrum 
obtained ;  then  with  a  wide  slit  it  was  turned  on  the  aurora,  and 
the  following  sketch  made,  which  was  carefully  verified^  so  that  it 
represents  exactly  what  I  saw. 
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The  length  MN  is  what  I  conceived  to  be  the  len^h  of  the 
spectrum  given  by  my  instrument  under  usual  conditions.  The 
Tiolet  (extreme)  rays  seemed  cut  off,  and  I  saw  1^  a  broad  and 
bright  red  band  (R),  2d  a  black  space  equal  in  width  to  it  (B),  3d 
a  green  and  bright  band  (G)  nearly  as  wide,  then  a  faint  spectrum 
oi  diffused  light,  and  a  bright  line  m  the  blue  ( 1 ),  then  a  bright  line 
more  refrangible  but  whose  color  could  not  be  definitely  seen  (2). 
l^he  relative  distances  for  my  instrument  are  kept  in  the  drawing. 
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I  then  opened  Angg6^in'§  "Spectre  Normal,**  and  nw  tiist  ht 
gave  the  auroral  line  as  in  the  yeWofW.  I  obKnred  this  green  li« 
Bgun,  and  cannot  persuade  myself  that  it  was  yellow.  The  black 
space  I  am  gure  of;  and  it  was  also  seen  flinty  by  an  inexpcci- 
enced  person,  into  whose  hands  I  put  the  instrameDt.  The  slit 
was  then  narrowed  and  tamed  on  the  moon,  and  adjuted  to  ^le 
the  Frannhofer  Itnea  most  clearly.  The  aurora  by  this  time  nw 
fitinter,  and  1  can  only  be  sure  of  a  bright  line  (green)  with  •  n»  - 
picion  of  my  former  bine  line.  Opening  the  alit  ^un,  tbe  nd  ImhJ 
of  the  difibeed  light  epcctnim  was  ch»e  sguut  the  green  bright 
line.  The  aurora  then  faded.  I  mention  this  black  space  M  it  il 
not  what  1  expected  to  see  from  my  reading  of  AogitrOm  tni 
Winlock. 

rV.   MiscKLuutEOUs  SciBNTino  Intblliobnok. 

1.  Institute  of  TMhnoloffy,  Sotton.—^Piot  T.  Sterry  Hnnt^te 

twenty-fire  yearsoonnected  with  tbe  Geoloncsl  Surrey  of  Canada, 
has  entered  upon  his  duties  as  Professor  m  Geology  in  the  lutfr 
tnte  of  Technology. 

2.  AnntMii  A^  qf  the  DireeUir  of  th»  Metwrologicci  Obmr- 
vatory.  Ventral  Piirk\  Nevi  York.  43  pp.  Bvo, — At  the  close  of 
ih'ia  oxooWeat  Heport  tlier^  is  a  scrips  of  synoptic  charts,  oue  lor 
each  month  of  the  year,  givins  the  mean  height  of  the  barometer, 
that  of  the  thermometer,  and  tbe  strength  of  tbe  wind  for  the 
month. 

3.  HaydeiCt  Geological  Exploration  in  the  Rocky  Mowntaiia. 
— A  letter  from  Dr.  Haydeii,  dated  Gallatin  City,  Montana,  Oct 
10,  states  that  Iiis  two  parliuw  have  been  Buccessful  in  their  wo* 
at  every  point;  and  that  no  accident  or  sickness  has  occurred. 
Dr.  Hayden'ri  bmncli  of  the  explomtioii  will  have  for  the  Report 
a  map  of  a  territory  10,000  square  miles  in  area,  with  contoor 
lines  of  100  feel. 

OBTFUART. 

Rev.  JoHS  B.  Pkbrt. — Professor  Perry,  in  charge  of  tie 
Department  of  Primordial  Geology  in  Harvard  College,  died  oa 
the  30th  October,  in  his  47th  year.  He  had  recently  retnnwd 
^m  the  meeting  of  the  American  Association  at  Dnbnoui 
Pro£  Perry  was  a  graduate  of  the  University  of  Vermont.  EDi 
residence  at  Swauton,  in  Northern  Vermont,  as  pastor  of  a  cfanrch, 
led  to  his  examining  into  its  geology,  and  especially  the  so-called 
Tat'onic  rockn  of  that  region,  and  several  papers  were  published 
by  him  on  the  subject,  some  of  which  appeared  in  this  Journal 
He  was  greatly  interested  in  his  favorite  sdence,  and  active  as  so 
obeerver. 

John  F.  Frazkb,  LL.D.,  Professor  of  Natural  Philosophy  and 
Chemistry  in  the  University  of  Pennsylvania,  died  on  ^turdiT 
^ftftcmoon,  lit  a  quarter  before  three  o'clock,  of  heart  disease.  A 
tber  notice  will  be  given  in  our  next  issue. 
fcOa  tlw  Gaolag7  ot  Lower  LoniaUuia  and  the  9*tt  Depoait  oo  Petit*  Anae  Idiod; 
I  W.  Hilgmid,  PtuD.,  PidL  OMm.,  Uiut.  ia«riadn>t.  H  pn.  4to.  So. 
SmithKAikn  Oootfa»flior-  •-  "■ "— 


r^M  J  2-;i  \':iL.IV  FLATE't  ia'^2. 


THE 


AMERICAN 


JOURNAL  OF  SCIENCE  AND  ARTS. 


[THIRD   SERIES.] 


Abt.  XLTX. —  On  a  simple  and  precise  method  of  measuring  the 
voave-lengVis  and  velocities  of  sound  in  Oases  ;  and  on  an  appli- 
cation of  the  method  in  the  invention  of  an  Acoustic  Pyrometer; 
by  Alfred  M.  Matsr,  Ph.D.,  Professor  of  Physics  in  the 
Stevens  Institute  of  Technology. 

1.  The  measurement  of  the  wave-length, — ^Without  any  consid- 
eration as  to  the  velocity  of  sound  or  the  number  of  vibra- 
tions producing  a  given  note,  we  can  accurately  measure  the 
wave-length  of  the  note  by  the  following  simple  arrangement 
of  apparatus,  which  is  an  instrumental  simplification  of  the 
method  first  used  by  Zoch  (Pogg.  Ann.,  vol.  cxxviii,  p.  497.) 

On  the  acoustic  bellows  fix  an  organ  pipe,  and  place  opposite 
its  mouth  a  Helmholtz  resonator  responding  to  its  note. 
Lead  fix>m  the  resonator  a  thick  ^m  tube  to  one  of  Koni^'s 
manometric  capsules,  whose  gas  jet  is  placed  near  the  jet 
of  the  oi^n  pipe  capsule.  Sound  the  pipe,  and  by  means 
of  the  manometric  flame-micrometer*  adjust  the  two  mimes  so 
that  their  serrations  appear  to  coincide  when  viewed  in  a  cubical 
revolving  mirror.  N^ow  suppose,  for  simplicity,  that  the  pipe 
gives  842  complete  vibrations  in  one  second  ;  then,  taking  the 
velocity  of  sound  at  842  meters  per  second  (at  15**  C),  it  will 
require  ^ij  of  a  second  for  an  aerial  pulse  to  traverse  one 

*  See  "  On  the  method  of  detecting  the  phases  of  vibration  in  the  air  surronnd- 
Ing  a  floimding  body ;  and  thereby  measuring  directly  in  the  vibrating  air  Uia 
length  of  its  waves  and  exploring  the  form  of  its  wave-sor&oe,*'  Nov.  No.  of  this 
JownaL  In  this  paper  I  gave  the  credit  of  the  suggestion  on  which  I  founded  n^ 
micrometer  to  M.  Radau ;  but  I  find  that  it  is  due  to  Zoch  (Pogg.  Ann.,  vol  cxxviii). 
K.  Badaa  mentions  it  in  his  VAcausHque  without  giving  credit  to  the  real  inventor. 
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meter.  Therefore,  if  the  resonator  tube  be  lengthened  \  meler 
the  serrations  of  its  flame  will  no  longer  coincide  with  tiiose  of 
the  pipe,  but  will  bisect  the  spaces  between  the  latter ;  fiv  ui 
impulse  from  the  resonator  has  now  to  traverae  such  an  iDcreaaed 
length  that  it  arrives  at  its  manometric  flame  y^t  of  a  seoond 
later  than  before  the  tube  was  lengthened.  If  the  tube  be 
lengthened  one  meter,  or  a  whole  wave-lensth  (German),  the 
displacement  of  the  resonator  serrations  wiu  amount  to  the 
entire  distance  separating  the  oenteiB  of  two  contiguous  aem- 
tions ;  and  on  donating  the  tube  n  number  of  wave-lengths, 
n  number  of  such  displacements  will  occur.  Thus  can  be  mea- 
sured, not  only  cme,  but  many  wave-lengths,  for  I  have  not  seen 
sensibly  diminished  the  intensity  of  the  pulses  after  th^  have 
traversed  many  meters  of  firm  thick  tubing.  Therefore  tiie 
error  made  in  the  determination  of  the  distance  oocnpied  by 
many  wave-lengths  will  not  be  greater  than  that  occurring  in 
the  measure  of  the  length  of  only  one ;  and,  consequently,  this 
error  being  divided  over  so  great  a  number  will  proportionaUy 
increase  the  accuracy  of  the  deduced  length  of  a  single  wave. 

2.  The  determinatwn  of  the  vdocity. — ^If  the  number  of  vibra- 
tions given  by  the  pipe  can  be  determined  with  an  accuracy 
comporting  with  the  above  measure  of  its  wave-length,  we  will 
succeed  in  arriving  at  very  precise  measures  of  the  velocity 
(v=n  A)  of  sound  in  air  and  in  various  gases.  To  make  the 
measure  of  a  wave-length  in  a  gas  other  than  air,  we  close  the 
mouth  of  the  resonator  with  a  delicate  membrane,  and  fill  the 
resonator,  its  capsule  and  connecting  tube  with  the  gas ;  or,  we 
can  substitute  for  the  resonator  a  cavity  of  the  proper  volume 
and  form,  closed  by  a  lai^e  membrance  which  vibrates  in 
unison  with  the  fundamental  note  of  the  pipe,  and  proceed  as 
above. 

It  requires  but  little  consideration  to  see  that  the  determina- 
tions of  the  acoustic  wave-length  and  velocity  of  sound  in  a 
gas,  by  the  process  I  have  described,  greatly  exceed  in  ac- 
curacy the  results  heretofore  obtained  by  Dulong,  Wertheim 
and  others  who  deduced  the  length  of  the  wave  and  velocity 
from  measures  of  the  internodal  aistances  in  organ  pipes ;  and 
I  have  reason  to  be  of  the  opinion  that  my  method  will  give 
results  exceeding  in  accuracy  even  those  obtained  by  Quincke 
(Pogg.  Ann.,  vol.  cxxviii,  p.  177),  who  used  an  instrument 
which  embodies  the  principle  invented  by  Herschel,  and  which 
has  its  highest  development  in  the  exquisite  interference  appa- 
ratus which  Konig  has  recently  described  in  Poggendoiff's  Anna- 
len,  Bd.  cxlvi,  p.  166.* 

In  my  lecture-room  I  have  hung  up  before  the  students  a 
series  of  gum  tubes  having  lengths  of  i,  1, 1  J,  2,  2^,  8,  etc.,  wave- 

*  See  the  translation  of  Kdnig's  paper  in  this  No.  of  the  JonmaL 
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lengths  of  different  notes.  The  tubes,  forming  any  one  of  these 
series,  are  used  with  the  organ-pipe  and  resonator  correspond- 
ing to  their  note ;  and  as  they  are  successively  adapted  to  the 
resonator,  they  cause  the  serrations  of  its  flame  successively  to 
coincide  with  and  to  bisect  those  of  the  organ  pipe  flame. 
Students  after  such  exhibitions  do  not  depart  from  the  room 
with  their  usual  skepticism  as  to  the  existence  of  an  acoustic 
wave-lcDgth,  but  Iook  upon  the  tubes  as  measures  of  actual 
entities. 

8.  The  Acoustic  Pyrometer, — Having  devised  this  simple 
arrangement  of  apparatus  for  measuring  the  number  of  wave- 
lengths contained  m  a  given  tube,  the  idea  occurred  to  me  that 
I  could  use  the  method  in  determining  the  variation  in  the  num- 
ber of  wave-lengths  contained  in  this  tube,  caused  by  a  change 
in  the  temperature  of  the  air  which  it  contained ;  and  thus 
succeed  in  readily  determining  any  temperatui*e  to  which  the 
tube  might  be  exposed. 

The  accuracy  oi  this  (as  far  as  I  know)  entirely  new  method 
of  pyrometry,  and  the  facility  of  its  application  can  be  judged 
of  oy  the  following  discussion. 

The  formula  V=    1^    '^  (1-|.  a «)  ~    gives    the    velocity    of 

sound  in  air  of  a  known  temperature.     This  formula,  as  is  well 

known,  is  reduced  numerically  to  V=  888"  \/ 1-f- -00867  t  In 
which,  V=the  velocity  of  sound  at  the  temperature  t  centigrade  ; 
888=  the  velocity  of  sound  in  meters,  at  0°  C. ;  and  00867  the 
coefficient  of  expansion  of  air  under  a  constant  pressure  We 
will  suppose  that  we  have  outside  of  the  furnace,  whose  tem- 
perature we  would  measure,  an  UT^  organ  pipe ;  that  we  have 
J)laced  opposite  its  mouth  an  UT^  resonator;  and  that  tubes 
rom  pipe  and  resonator  lead  to  contiguous  gas  jets  placed  before 
the  revolving  mirror.  We  will  also  assume  that  the  air  in  and 
around  the  organ  pipe  is  at  0°  C,  and  that  the  serrations  of  the 
flames  of  pipe  and  resonator  are  brought  to  coincide  when  18 
meters  of  metal  tube,  connecting  the  resonator  with  its  mano- 
metric  capsule,  are  placed  in  a  furnace  which  also  has  the  tem- 
perature of  0®  C.  Therefore  the  length  of  a  wave  in  the 
furnace  tube  is  -~-=0"'65,  and  it  will  contain  20  wave-lengths. 

Now  gradually  raise  the  temperature  of  the  furnace  to  820°  C. 
As  the  temperature  rises  we  will  see  the  serrations  of  the 
resonator  flame  gradually  slide  over  those  of  the  organ  pipe 
flame,  and  when  the  temperature  has  reached  820^  C.  we  will 
have  observed  that  the  serrations  of  the  resonator  flame  have- 
glided  over  10  times  the  distance  separating  the  centers  of  two 
contiguous  serrations  of  the  flame  of  the  organ  pipe ;  for  at 
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820°  C.  the  air  in  tbe  furnace  tube  will  have  expanded  to  4 
times  its  volume  at  0°  C,  and  therefore 

/,      333Vl+00367X820\.^      .,,  .....  .  , 

JA=— —  - — '— — lit  Will  contmn  |  the  number  of  wave- 
lengths it  did  when  at  0"  C,  and  the  length  of  one  of  these 
waves  in  the  tube  will  be  I'S  meter. 

We  will  now  determine  the  limit  of  accuracy  of  the  method 
by  elevating  the  temperature  of  the  furnace  100°,  or  to  920"  C. 
At  this  temperature  tbe  velocity  of  tbe  pulses  in  the  furnace 
tube  will  equal  696'63  meters,  and  tbe  length  of  the  wave  at 
this  velocity  will  be  l^'Se.  But  l"'-36-l°'-3=0"'-O6,  the  differ- 
ence in  wave-length  produced  by  tbe  increase  in  temperature 
from  820"  to  920°,  and  sufficient  to  cause  the  serrations  to  be 
displaced  "46  of  the  distance  separating  the  centers  of  two  con- 
tiguous serrations  of  the  organ  pipe  flame.  But  by  means  of 
the  nianometric  flame  micrometer  x\^  of  th's  displacement  can 
be  measured,  therefore,  we  can  measure  an  increase  of  10° 
C.  in  temperature  above  820°. 

From  an  examination  of  the  well  established  formula  fortiie 
determination  of  the  velocity  of  sound,  it  will  be  seen  thai  the 
accuracy  of  our  determinations  of  furnace  temperatures  will 
alone  depend  on  tbe  precision  of  the  coefficient  '00367,  which 
is  the  number  arrived  at  by  Kegnault  and  Magnus  for  the 
expansion  of  air  under  a  constant  pressure;  and  this  is  one  of 
most  reliable  constants  we  have  in  Physics.  Hence  the  accu- 
racy of  our  measures,  to  10°  C,  will  he  equal  to  those  of  the 
air'theruiometer,  whose  indications  are,  at  present,  necessarily 
received  as  our  standards  of  thermometric  determinations. 

We  will  now  examine  the  relation  existing  between  tempets- 
iures  and  wave-lengths,  I  have  computed  two  tables ;  the  first 
Kives  the  velocities  of  sound  and  the  wave-lengths  of  the  note 
UTj,  corresponding  to  temperatures  between  0  C.  and  2,000° 
<3. ;  the  second  those  co 
0°  C,  and  -272-48°  C. 
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These  related  numbers  I  have  projected  into  the  accompany- 
ing curve,  whose  abscissas  are  the  temperatures,  and  whose 
orainates  are  the  wave-lengths.     This  curve,  which  is  the  graph- 

ical  expression  of  y.= ^j^_     is  evidently  a  parabola, 

since  it  has  the  form  y^=ax;  and  y  will  equal  0  when  x  has 
receded  to  the  point  on  the  axis  of  abscissas  equal  to  —  272*48® 
C,  which  is  "  tne  absolute  zero  "  of  temperature. 

Tt  is  evident  that  this  same  curve  will  give  the  numerical 
relations  between  temperatures  and  the  wave-lengths  of  any 
note,  or  the  velocities  of  sound  in  anj  gas,  by  merely  giving  dif- 
ferent numerical  values  to  the  divisions  on  the  axis  of  ordi- 
nates. 

It  only  remains  to  give  the  simplest  formula  for  determining 
the  temperature  of  the  furnace  in  terms  of  the  observed  dis- 
placements of  the  resonator  serrations,  and  of  the  known  num- 
oer  of  wave-lengths  in  the  furnace-tube  at  the  temperature  L 

Let  i  =  temp.  C.  of  the  air  in  and  around  the  oi^gan-pipe. 
f=  "        "  "     the  furnace-tuba 

v=  velocity  of  sound  at  temp.  L 

I  =  number  of  wave-lengths  in  furnace-tube  at  temp,  t 
(i=  observed  displacement  of  resonator  serrations  by  an 
elevation  of  temperature  tf—L 

Then  l—d  will  equal  the  number  of  wave-lengths  in  the  fur- 
nace-tube (allowance  made  for  elongation  of  tube  by  heat)  at 
the  temp.  ^.  As  the  velocity  of  sound  in  the  fiimace-tube  will 
be  inversely  as  the  number  of  wave-lengths  it  contains,  it  fol- 
lows that 

v'  :v::l:  l-^d:  hence  t;'=^ — ^;    but 


(1)  t;=888^/l-+--00867t,    and 

(2)  t;'=888Vrp00867r,      hence 

(8)  ^-^=883^1 +-00867^ 

Reducing  equation  (8)  we  obtain 

W  '-(201^) '-272-48. 

which  gives  tf  in  terms  of  v,  I  and  d.     Combining  equations  (1] 
and  (8)  we  obtain 

^272-48  (2Z-d)  d+tl* 

^^^  ^"  jPdy  ' 

which  gives  t'  in  terms  of  2,  (2  and  t    But  as  v  has  to  be  calca- 
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lated  in  order  to  obtain  I  in  equation  (5),  it  follows  that  equa- 
tion (4)  is  the  simpler  and  the  more  readily  worked  numeri- 
cally. 

If   we    call    T    the    absolute    temjoercUure    centigrade,    then 

T=^^+272-48,  and  equation  (4)become8(6)T=LQ.^g^.^_^V,  in 

which  equation  the  origin  of  coordinates  is  at  the  vertex  of  the 
parabola. 

This  paper  is  intended  only  to  give  a  general  account  of  the 
new  method  of  pyrometry,  and  therefore  I  have  not  touched 
on  the  details  of  apparatus  and  experiment  These  I  will  pre- 
sent in  a  subsequent  communication,  in  which  accounts  of 
actual  applications  of  the  method  will  be  given.  I  may,  how- 
ever, here  remark  that,  if  the  tube  in  the  furnace  is  IS  meters 
long  and  of  0°*'0l5  diameter,  it  can  be  coiled  into  a  spiral 
of  0"'5  in  diameter,  or  into  two  spirals,  each  of  0"'25  diameter. 
Or,  the  tube  can  be  bent  on  itseli  several  times  and  thus  form 
a  compact  fascicle  of  tubing.  Also,  the  tubing  should  CLScend 
from  the  resonator  to  the  furnace-tube,  and  descend  from  the 
latter  to  the  manometric  capsule,  so  that  the  rarefied  air  in  the 
hot  tube  cannot  enter  the  tubing  outside  of  the  furnace.  If 
the  serrations  of  the  manometric  flames  are  too  dim  to  be 
readily  observed,  they  can  be  rendered  distinctly  visible,  even 
in  broad  day-light,  by  the  use  of  **  carbonized  "  gas,  or  by  sifting 
into  them  the  fine  scrapings  of  lead  pencil.  In  ascertaining  the 
number  of  displacements  produced  by  any  temperature,  the 
fumace-tube  is  slowly  moved  into  the  furnace,  so  that  the 
displacements  of  the  resonator  serrations  can  be  counted  as  the 
tube  gradually  attains  the  highest  temperature,  when  the  serra- 
tions become  stationary. 

October  12,  1872. 


Art.  L. —  On  the  stability  of  the  Collodion  Film;  by  Lewis  M. 

RUTHKRFURD. 

The  very  numerous  and  concordant  micrometric  measures  of 
star  photographs,  made  by  myself  and  under  my  direction 
during  the  past  seven  years,  have  inspired  me  with  the  utmost 
confidence  in  the  stability  of  the  collodion  film,  particularly 
when  applied  to  a  plate  of  glass  properly  albumenized. 

The  measures  aoove  referred  to  were  made  upon  nearly 
thirty  plates  of  the  Pleiades  group  taken  at  many  diflerent 
times,  and  embracing  within  a  space  of  about  80'  square  from 
thirty  to  seventy-five  star  images,  according  to  the  time  of 
exposure,  the  state  of  the  atmosphere  and  the  sensibility  of  the 
chemicals ;  also  upon  many  plates  of  the  Prsesepe  group,  aver- 
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aging  about  thirty-four  stars  on  each  plate ;  also  upon  many 
plates  of  the  group  about  0  Ononis ;  also  upon  many  plates  of 
the  group  surrounaing  41  Bootis ;  also  of  the  group  surround- 
ing //  Cassiopa^a. 

In  addition  to  the  measures  of  the  position  and  distance  of 
the  members  of  the  several  groups  mentioned,  very  many  meas- 
ures have  been  made  upon  long  lines  of  star  images,  at  inter- 
vals of  one  second  of  time  from  each  other,  for  the  purpose  of 
determining  the  angular  value  of  any  given  portion  of  the 
plates.  Very  many  measures  have  been  made  for  the  same 
purpose  upon  selected  star  pairs,  and  the  results  of  these  meas- 
ures compared  with  the  results  of  transits  of  stars  over  dia- 
mond lines  drawn  upon  a  plate  of  glass  placed  in  the  photo- 
graphic plate-holder  at  the  photographic  focus, — ^and  finally 
many  measures  have  been  maae  upon  star  mx>ups  taken  on  the 
preceding,  central  and  following  r^olis  of  the  plates  for  the 
purpose  of  detecting  the  character  and  amount  of  the  distor- 
tion, if  any,  of  the  images. 

The  results  of  all  these  measures  were  so  concordant  as  to 
forbid  the  idea  of  the  existence  of  any  great  change  in  the  col- 
lodion film,  and  the  conviction  of  this  stability  is  very  greatly 
strengthened  W  a  very  few  attempts  to  remove  the  collodion 
film  &om  an  albumenized  plate  by  any  ordinary  mode  of  rub- 
binyg  or  washing. 

This  confidence  in  the  reliability  of  the  photographic  method 
for  measures  of  precision  was  rudely  shocked  by  the  statements 
of  Mr.  Paschen,  contained  in  an  elaborate  article  upon  the  appli- 
cation of  photography  to  the  observation  of  the  coming  tran- 
sit of  Venus,  printed  in  the  Astronomische  Nachrichten  in 
April  last  He  found  in  three  measures  upon  albumenized 
plates  and  upon  one  not  albumenized  respectively,  a  shrinkage 
to  the  following  fractions  of  the  whole  space  measured :  in  No. 
1,  jiy,  No.  2,  yfy,  No.  8,  tVt¥»  No.  4,  ,t',^.  Nos.  1  and  2 
were  measures  of  the  same  plate,  but  in  directions  perpendicu- 
lar to  each  other.  No.  4  was  on  a  plate  not  aloumenized : 
these  quantities  are  so  large  and  irregular,  that  if  they  really 
exist,  we  must  be  compelled  to  relinquish  the  hopes  based  upon 
the  use  of  photography  for  precise  astronomy.  My  own  expe- 
rience and  a  distrust  of  the  methods  used  by  Mr.  Paschen  for 
obtaining  these  results,  prevented  me  from  losing  confidence  in 
the  value  of  a  photographic  imaga  Still  the  question  was  so 
grave  and  the  genenil  merits  of  Mr.  Paschen^s  article  were  so 
great,  that  I  determined  to  subject  the  point  to  a  thorough 
examination,  and  for  that  purpose  the  following  measures  were 
made  upon  plates,  albumenized  before  the  application  of  the 
collodion,  first  when  leaving  the  camera  and  quite  wet,  and  sec- 
ond when  they  had  become  dry ;  some  of  the  plates  were  n^- 
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atives  of  dark  Hnes  upon  a  white  grouDd.  and  some  of  white 
lines  upon  a  dark  ground ;  in  some  while  yet  wet  most  of  the 
collodion  between  the  liuea  was  removed  to  encourage  a  shrink- 
age outward,  and  in  others  most  of  the  collodion  outside  of  the 
lines  was  removed  lo  encourage  a  shrinkage  inward ;  most  of 
the  collodion  used  waa  such  as  is  in  ordinary  use  in  my  observ- 
atory. The  measures  were  made  by  the  aid  of  mj  microme- 
ter screw,  one  revolution  of  which  is  equal  to  ,',  of  an  inch. 
The  plates  were  made  and  the  measures  conducted  by  Mr. 
Ciiapmau,  my  assistant,  who  is  an  accomplished  photographer 
and  familiar  with  the  use  of  the  micrometer.  The  plates  were 
left  clamped  upon  the  stage  of  the  micrometer  during  the  inlcr- 
val  between  the  measures  wet  and  dry,  and  both  these  meas- 
ures were  consequently  made  on  the  same  parts  of  the  screw. 
In  every  case  five  bisections  of  each  of  the  two  line*  were 
made,  and  the  difference  between  the  means  of  these  readings 
shows  the  distance  between  the  lines  in  terms  of"  screw  revolu- 
tions. For  the  purpose  of  exhibiting  the  degree  of  precisioo 
attainable  by  the  measures,  I  will  transcribe  in  full  tbe  meas- 
ures of  the  first  two  plates,  giving  for  the  rest  only  the  results. 

The  values  of  the  measured  spaces  have  been  reduced  to  a 
uniibrm  temperature  of  the  screw  of  68°  Fahrenheit  by  the 
application  of  a  correction  deduced  from  the  recognized  coef- 
ficients of  expansion  of  steel  and  glass.  It  will  be  seen  that  in 
all  cases  save  two  the  distance  was  greater  between  the  linea 
when  the  plate  was  dry  than  when  wet,  the  mean  excess  of  the 
nine  measures  is  Rev.  0O017,  which  is  n.^^c  of  an  inch;  it 
reaches  in  no  case  yr'„,  of  an  inch.  This  result  is  no  doubt 
due  to  tbe  cooling  of  tbe  glass  pl&te,  by  the  evaporation  which 
takes  place  the  moment  the  wet  plate  is  taken  &om  the  plate- 
holder  and  exposed  to  the  air  under  the  micrometer.  This 
excess  of  distance  (Rev.  OIX)!?),  would  be  caused  by  an  increase 
of  temperature  for  the  dry  glass  of  about  4°  F. 

This  consideration  reveals  a  source  of  error  in  the  use  of  wet 
plalea  which  I  have  not  hitherto  considered,  since  the  same 
evaporation  takes  place  no  doubt  during  the  long  exposures 
given  to  star-plates;  the  amount  will  vary  accoMing  to  tbe 
nygrometric  state  of  the  atmosphere,  and  may  be  met  oy  read- 
ing wet  and  dry  bulb  thermometers. 

My  objection  to  the  method  used  by  Mr.  Pascben,  as  I  under- 
stand it,  is  that  instead  of  being  confined  to  an  investigation  of 
what  happens  to  the  collodion  film  between  the  moment  of 
exposure  wet  and  the  moment  of  measurement  when  dry,  it  is 
a  comparison  of  tbe  actual  state  of  the  plate  when  dry,  what  it 
ought  to  have  been  had  all  the  adjustments,  manipalations  and 
instruments  been  perfect 
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Abt.  LL — Note  upon  Aventurine  Orthoelase^  found  at  th**  Ogden 
Jfinej  Sparta  Township^  Sussex  Oo.,  N.  J. ;  by  Prof.  LEEDa 

Among  the  massen  of  gneiss  rock  thrown  out  in  sinking  oi 
of  the  shafts  of  the  Ogden  mine,  I  found,  during  the  course 
the  past  summer,  large  quantities  of  very  beautiftil  sunsta 
which  appears  hitherto  to  have  escaped  notice.     The  th: 
cleavages  0,  i-i  and  i-i,  are  easily  obtained,  and  afford  the  cleayf^ 
age  angles  of  orthoclasa     The  very  thin  plates,  which  may  be  , 
procured  by  slicing  the  stone  in  the  direction  of  the  principal 
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cleavage,  are  of  coosiderable  size,  and  furnish  excellent  spea 
mens  for  microscopic  examination. 

The  color  of  the  orthoclase  ia  a  delicate  flesh-red,  which  color 

IB  due  entirely  to  the  imbedded  cryatalline  scales  of  what  bu 

be«n  supixised  to  be  gothite.     The  atone  itself  is  translucent 

and  quite  colorless.    The  results  obtained  in  two  analyseawere: 

I.  a.  Meen. 

Silica,  64-8< 
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0-23 
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In  an  analysis  of  an  aventurine  oligoclase  from  Tvedcetrand  in 
Norway,  Scheerer  obtained  SiO,  fil-30,  A1,0,  23*77,  Fe, 
0,  0-36,  CaO  4-78,  Na,0  8-50,  K,0  1-29.  In  this  the  per 
cent  of  gothite  ia  somewhat  greater  than  in  the  New  Jeraer 
orthoclase,  but  in  both  cases  the  estrcmely  small  amount  of 
foreign  matter  which  suffices  to  impart  the  brilliant  aventurine 
character  to  tlie  feldspar  is  remarkable.  It  is  worth  noting  in 
this  connection  that  all  the  snecimens  of  aunstone  from  Keoneti, 
Chester  Co.,  Pa,  in  the  caoinet  of  the  Stevens  Institute,  are 
oligoclase,  not  orthoclase. 


Aht.  LIL — On  Soil  Avxdyses ,  and  their  Utility;    by   EuG.  W. 
HiLQARD,  State  Geologist  of  Mississippu 

(Read  at  the  Dubuque  Meeting  of  the  Am.  Assoc;  Adr.  Sci.,  Ai^ust,  ISTl.) 

In  the  American  Journal  of  Science  for  September,  1861, 
Pro£  S.  W.  Johnson  published  a  criticism  on  the  "  Soil-analy- 
ses of  the  Geological  Surveys  of  Kentucky  and  Arkansas," 
whose  strictures,  to  a  great  extent  eminently  just,  appear  to 
have  so  impressed  the  scientific  public  in  this  country,  that  fe* 
if  any  soil-analyses  have  since  then  been  made  in  connection  witk 
any  state  or  national  survey,  excepting  that  of  the  State  of  Mis- 
sissippi, where  the  work  already  begun  was  continued.  ei^« 
by  myself,  or  under  my  chaise,  or  recommendation,  by  otlie/s 
flolding  myself  responsible  for  this  departure  from  the  generally 
adopted  views,  I  propose  in  the  present  paper  to  discuss  sp^ 
cially  Prof  Johnson's  objections,  and  to  give  my  reasons  lor 
persisting  in  a  course  of  research  that  has,  more  than  once 
secured  for  myself  and  my  co-laborere  the  compassionate  sjni' 
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thy  of  true  believers.  While  I  consider  the  work  far  fTX)m 
ing  as  complete  as  it  should  be,  and  for  that  as  well  as  other 
nsons  its  publication  in  detail  may  be  delated  for  some  time ; 
1 1  think  what  can   now  be  said  of  sufficient  importance  to 

brought  before  this  meeting. 

I  propose,  in  this  discussion,  to  maintain  the  mainly  practical 
mapomt  assumed  by  Prof  Johnson  himself.  I  shall  therefore 
ive  out  of  consideration  the  performance  of  such  exhaustive 
irestigations  of  all  the  physical  and  chemical  properties  of  the 
il,  as  have  been  made  m  some  cases,  for  special  purposes,  e.  g., 

Prof  Mallet,  on  some  of  the  cotton  soils  of  Alabama.  If 
5  investigation  of  each  soil,  to  possess  practical  importance, 
juires  from  three  to  six  months  labor,  we  may  as  well,  for 
actical  purposes,  consider  such  researches  out  of  the  question 
r  the  present  We  want  something  analogous  to  the  metallurgi- 
I  assay  of  minerals,  as  distinguished  from  their  complete  ulti- 
ite  analysis.  So  far,  therefore,  as  the  agricultural  qualities  of 
joil  may  be  inferred  and  approximately  estimated  by  an  ex- 
rienced  eye,  I  would  relieve  the  chemist  from  the  exact 
imerical  determination,  e.  g.,  of  the  power  of  absorbing  heat 
)m  the  sun,  the  specific  heat,  the  "water-holding  "  power,  the 
pillary  coefficients,  etc.  However  necessary  for  theoretical 
yestigations,  I  hold  that  for  practical  purposes,  these  labori- 
a  determinations  may  in  most  cases  be  dispensed  with  ;  since 
)m  what  has  already  been  done,  or  what  can  be  done  with 
few  typical  soils,  we  may  infer  the  comparative  magnitude  of 
ese  coefficients  with  a  sufficient  degree  of  approximation. 
The  amount  of  labor  bestowed  on  each  soil  by  Dr.  Peter,  as 
ported  in  the  Kentucky  and  Arkansas  surveys,  approaches 
ry  closely  the  limit  beyond  which  the  immediate  advantages 

be  derived  from  such  knowledge  of  soils  as  analysis  may 
ipart,  would  seem,  to  many,  disproportioned  to  the  expendi- 
re  involved.  How  very  modest  we  are,  truly,  when  a  purely 
ientific  object  is  involved,  whose  immediate  practical  applica- 
m  is  not  obvious  at  a  glance !  In  what  other  branch  of  tech- 
3al  science  would  it  be  thought  admissible  to  proceed  without 
•taining  such  knowledge  of  the  prime  materials  as  chemistry 
ly  afford,  even  if  no  immediate  application  of  this  knowledge 

foreseen  ?  Our  public  treasuries  are  constantly  drawn  upon 
r  hundreds  of  thousands  of  dollars,  in  behalf  of  objects  of 
least  questionable  usefulness.  Yet  Prof  Johnson  seems 
ve  thoroughly  satisfied  our  state  geologists  that  they  are  n 
stified  in  giving  the  viririn  soils  of  their  respective  States  the 
nefit  of  such  light  as  chemistry  may  even  now  confessedly 
brd;  apart  from  the  important  general  inferences  which  may 
rly  be  expected  to  be  drawn  hereafter  from  the  history  of 
sir  cultivation.     How  are  we  to  advance  in  our  knowledge  of 
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soils,  if  we  abandon  as  hopeless  the  determination  of  their 
chemical  character  ?  Are  the  proofs  that  have  been  brought 
against  the  utility  of  soil  analyses  really  of  such  a  character  as 
to  justify  so  grave  an  omission?  an  omission,  too,  which  in 
many  cases  cannot  hereafter  be  supplied.  Even  in  the  com- 
paratively youthful  State  of  Mississippi,  I  have  found  diflS- 
culty  in  obtaining  reliable  specimens  of  some  soils,  whose  great 
productiveness  had  led  to  their  cultivation  by  the  earliest  set- 
tlers, over  the  entire  area  of  their  occurrence. 

I  question  the  propriety  of  this  omission,  and  the  justice  of 
the  testimonium  paupertatis  thus  inflicted  upon  agricultural  and 
analytical  chemistry. 

To  define  my  position,  I  premise  that — 

1.  I  fully  agree  with  Prof  Johnson  as  to  the  comparative  use- 
lessness  of  a  single  analysis  giving  the  percentages  of  soil  ingre- 
dients found,  in  ordinary  cases.  It  is  only  when  such  analysis 
demonstrates  the  great  abundance,  or  very  great  deficiency^  of  one 
or  several  primarily  important  ingredients,  that,  by  itself,  it  con- 
veys information  of  considerable  practical  importance.  -  Note, 
that  such  cases  are  not  altogether  infrequent,  even  in  virgin 
soils. 

2.  I  agree  that  an  "  average  soil "  is  a  non  ens,  except  as 
referred,  comparatively,  to  a  particular  set  of  soils  closely  related 
in  their  origin, 

3.  Also,  that  the  claim  of  being  able  to  detect  the  minute 
differences  caused  by  cropping  without  return  to  the  soU,  is 

f)recarious,  and  perhaps  beyond  the  power  of  our  present  ana- 
ytical  resources. 

4.  I  further  admit  that,  ordinarily,  the  analysis  of  soils  long 
cultivated,  and  treated  with  manures,  can  give  but  little  and  very 
partial  information  as  to  the  condition  and  composition  of  the 
soil ;  from  the  great  difficulty,  if  not  impossibility,  of  obtaining 
fair  representative  specimens. 

6.  Furthermore,  that  to  designate  soils  by  the  names  of  the 
Cretaceous,  Carboniferous  or  Silurian  strata  they  may  happen  to 
overlie,  is  very  loose  practice ;  since  in  most  cases  they  are 
derived  from  Quaternary  deposits,  which  may  or  may  not  have 
been  influenced  in  their  composition  by  the  subjacent  rocks. 

On  the  contrary  I  demur,  in  the  first  place,  to  the  broad 
assertion  that  "  it  is  practically  impossible  to  obtain  average 
specimens  of  the  soil,  as  inapplicable  to  a  very  large  class, 
especially  of  virgin  soils,  covering  large  areas  with  a  uniformity 
of  character  corresponding  to  that  of  subjacent  formations, 
from  which  they  have  been  directly  derived,  by  substantially 
identical  and  uniform,  or  uniformly  variable,  processes. 

The  importance  of  this  exception  is  not,  it  is  true,  very  ob- 
vious in  the  stony  fields  of  New  England  (such  as  discouraged 
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f.  Johnson  in  his  vacation  trip  to  Northern  New  York),  or 
act,  in  any  district  where  a  great  variety  of  formations  has 
wtly  contributed  toward  forming  the  soil,  and  "  chunks  "  of 
lecomposed  minerals  are  diffused  through  it  In  such  cases, 
analysis  of  the  rock  which  has  predominantly  contributed 
he  mass  of  the  soil  proper,  would  be  a  more  correct  index 
the  prevalent  characteristics  of  the  latter,  than  if  itself  were 
en  m  hand  And  from  such  analvses  we  could  at  least 
uce  what  ingredients,  and  in  what  form,  it  would  certainly 
iseless  to  add  to  the  soil 

(ut  when  we  come  to  the  great  plains  of  the  West  and 
ithwest,  whose  soils  are  consistently  derived  from  wide- 
»d  Quaternary  deposits,  composed  of  materials  almost  im- 
pable  save  as  regards  siliceous  sand;  or  even  the  rolling 
ands  of  the  Gulf  States,  whose  subsoil  stratum  of  "  vellow 
n  "  can  only  be  diluted,  but  not  otherwise  changed,  by  the 
lixture  of  the  underlying  drift,  leached  long  ago  of  every- 
ig  soluble  in  carbonated  water,  or  available  to  plants :  the 
3ction  based  uj)on  the  supposed  impossibility  of  securing 
resentative  specimens,  becomes  obviously  untenable ;  as  I 
11  hereafter  snow  from  the  close  correspondence  in  the  com- 
ition  of  soils,  and  especially  «t£6soils,  from  widely  distant 
tions  of  the  State,  derived  from  the  same  geological  (Quater- 
y)  stratum. 

L  word  in  regard  to  the  *'  freaks  and  accidents  "  mentioned 
Prof  Johnson  as  liable  to  make  sport  of  the  devoted  ana- 
;.  Undoubtedly  such  errors  must  be  ultimately  provided 
inst  by  multiplication  of  analyses  (not  necessarily  of  the 
le  acre,  but  of  other  corresponaing  specimens,  in  tne  sense 
Qtioned  above) ;  and  while  questioning  the  efficiency  of  a 

I  or  squirrel  in  vitiating  a  properly  taken  sample  of  soil,  I 
St  admit  the  disastrous  consequences  which  might  result  if 
og,  cow,  or  horse  were  similarly  concerned.  No  specimen 
'  virgin  soil "  can,  of  course,  be  ootained  where  such  animals 
ally  do  congregate.  But  as  a  rule,  it  is  not  at  all  difficult 
ivoid  such  places ;  while  the  chance  of  accidentally  hitting 
m  a  sporadic  animal  deposit  in  the  broad  woods  or  prairies 
angularly  small,  and  is  notably  diminished  by  the  circum- 
ice,  that  an  attentive  observer  (and  none  other  should  take 

specimens)  will  be  able  to  distinguish  such  localities  for 
18,  by  the  peculiarity  of  their  vegetation. 

will  remark,  however,  that  I  consider  the  sampling  of  a  soQi 
h  a  view  to  securing  a  representative  specimen,  as  a  matter 
>nd  in  difficulty  and  delicacy  only  to  the  analysis  itself; 

I I  rarely  have  thought  it  worth  while  to  analyze  specimens 
t  by  other  than  intelligent  persons  specially  instructed  by 
;  and  even  then  have  frequently  hald  to  reject  them,  from 
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their  having  obviously  been  taken  at  an  improper  localitv, 
a  g.,  near  a  foot-path,  by  the  side  of  a  fence,  on  a  partially 
denuded  hillside  or  ravine,  in  the  bed  of  a  run,  at  the  foot 
of  a  tree,  etc. 

The  question  of  depth  must,  in  mv  view,  be  left  to  be  deter- 
mined by  the  circumstances  of  each  case,  except  in  so  far  as 
the  extreme  depth  to  which  tillage  may  cause  the  roots  of  crop 
to  reach,  must  be  within  the  limits  of  the  samples  taken.  Of 
these,  one  should  ordinarily  represent  what,  under  the  usual 
practice  of  tillage,  becomes  the  arable  soil ;  another,  the  sub- 
soil not  usually  broken  into ;  a  third  will  in  most  cases  be  use- 
ful to  show  what  materials  would  be  reached  were  the  land  to 
be  underdrained.  As  a  rule,  I  have  taken  no  specimens  of 
soil  to  a  less  depth  than  six  inches,  and  as  much  deeper  as  uni- 
formity of  color  reached — for  obvious  reasons.  But  in  special 
cases,  when  important  differences  were  suggested  by  the  aspect 
of  the  soil  and  subsoil,  they  have  been  separately  examinea,  at 
whatever  depth  the  change  of  color  might  occur. 

With  soils  of  the  character  referred  to,  samples  selected  and 
taken  with  due  care,  and  strict  attention  to  thorough  intermix- 
ture, both  in  the  field  and  subsequently  in  the  laboratory,  I 
am  unable  to  see  why  even  two  grammes  may  not  correctly 
represent  the  characteristics  of  a  1000  acre  tract  Not  that 
every  point  of  that  tract  would  be  likely  to  give  the  same  per- 
centage result,  perhaps ;  especially  as  regards  the  surface  soil, 
which  might  in  places  be  more  clayey  or  more  sandy  than  the 
sample  analyzed.  Still,  the  relative  proportions  of  the  soil  ingre- 
dients^ and  Oveir  degree  of  availability^  would  remain  substantially 
the  same ;  the  wider  range  and  readier  penetration  of  roots  in 
sandier  soils,  making  up,  within  certain  limits,  for  the  smaller 
percentage  of  available  ingredients  in  a  given  bulk,  as  com- 
pared with  more  clayey  onea 

From  the  fact  that  the  atmospheric  surface  water  must,  in 
its  course,  inevitably  have  a  tendency  to  bring  about  such 
inequalities,  by  carrying  forward  the  finer  particles  of  the  soil 
in  larger  proportion  than  the  coarser  ones ;  as  well  as  from  the 
greater  influence  of  vegetation :  we  shall,  in  the  series  of  analy- 
ses made  a  postulate  by  Prof.  Johnson,  expect  to  find  a  closer 
agreement  between  those  of  subsoils  than  those  of  surface  soils. 
Such  I  find  to  be  very  decidedly  the  case ;  so  much  so,  that  I 
habitually  look  to  the  former  as  the  most  reliable  index  of  a 
soil's  distinctive  character.  To  this  there  can  be  no  legitimate 
objection,  when,  as  in  all  the  upland  soils  now  under  consid- 
eration, the  surface  soil  is  directly  derived  from  the  subsoil, 
and  its  depth  is  less  than  thorough  culture  would  give  to  the 
arable  soil. 
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As  regards  the  analysis  itself,  I  premise  that  I  have  always 
found  even  the  most  "chemically  pure"  reagents  sold  oy 
dealers  auite  inapplicable  to  the  purpose  of  soil  analysis.  From 
first  to  last,  I  have  prepared  or  purified  these  myself;  and,  as 
regards  the  acids,  especially  hydrochloric,  I  liave  found  it 
necessary  to  reject,  as  a  rule,  even  the  purest,  after  keeping  it 
for  a  few  weeks  in  a  glass  bottle.  The  same  is  true,  and 
perhaps  in  an  aggravated  degree,  of  aqua  ammonise.  The 
severe  ordeal  of  slow  evaporation  on  a  brignt  platinum  foil  will 
rarely  be  passed  by  ammonia  a  fortnight  old ;  and  still  less 
fSrequentlv  by  hydro-sulphide  of  ammomum. 

Armed  with  these,  and  a  multitude  of  other  precautions, 
usual  and  unusual,  to  secure  the  utmost  possible  accuracy; 
always  treating  the  soil  with  the  same  large  excess  of  acid  of 
uniform  strength,  and  precipitating  all  corresponding  precipitates 
as  much  as  possible  from  the  same  volume  of  liquid  ;  using  none 
but  the  best  Bohemian  glass,  and  platinum  vessels,  and  filters 
specially  extracted— operating,  in  snort,  as  uniformly  as  the  na- 
ture of  the  materials  would  permit :  I  confess  I  felt  considerable 
confidence  in  the  correctness  of  my  results,  until  the  experiments 
made  in  Bunsen's  laboratory,  on  the  solubility  of  glass  vessels, 
gave  rise  to  unpleasant  doubts,  On  consideration,  however,  I 
round  that  the  (sensibly  constant)  error  so  introduced  would 
not,  when  allowed  for,  amount  to  more  than  the  difierences 
between  two  analyses  of  one  and  the  same  material,  or  vitiate 
in  any  serious  degree  the  conclusions  arrived  at  Nevertheless, 
[  shall  hereafter,  to  the  utmost  possible  extent,  carry  on  all 
operations  liable  to  introduce  errors  on  this  score,  in  platinum 
and  porcelain  vessels,  as  advised  by  Bunsen. 

As  regards  Dr.  Peter's  failure  to  determine  the  amounts  of 
soluble  silex,  nitric  acid,  ammonia,  chlorine,  and  the  degree  of 
oxidation  of  the  ii'on,  I  agree  that  the  former  is  desirable,  not 
only  because,  whether  "  essential "  or  not,  some  plants  do 
habitually  absorb  it  in  very  large  quantities,  and  it  might  be 
best  to  let  them  have  it ;  but  also  because  it  is  a  desirable  index 
of  the  degree  of  decomposition  which  the  soil  silicates  have 
undergone.  I  have  therefore  made  this  determination  regu- 
larly, by  boiling  with  solution  of  sodium  carbonate.  In  a 
series  of  these  determinations,  an  unmistakable  relation 
between  the  soluble  silex  and  the  amount  of  lime  in  the  soil 
becomes  manifest ;  as  might,  indeed,  have  been  foreseen. 

As  regards  nitric  acid,  the  consideration  suggested  by  Pro£ 
Johnson  himself,  viz.,  that  its  quantity  must  be  exce^ingly 
variable,  within  short  periods,  in  one  and  the  same  soil, 
seems  to  me  a  sufficient  dispensation  from  the  laborious 
letermination. 

The  same  holds  good,  in  a  measure,  for  ammonia.    Its  quan- 
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titj  varies  continually  in  the  soil,  as  it  does  in  the  atmosphere ; 
its  chief  absorbers  in  the  soil  are  "  humus"  and  clay.  W  here 
these  prevail  lai^ely,  ammonia  can  scarcely  be  dencient  as  a 
nutritive  ingredient  to  an  injurious  extent ;  albeit,  more  might 
doubtless  be  beneficially  aaded  Moreover,  the  characteristic 
effects  of  ammonia  on  vegetation  are  sufficientlv  obvious  (in 
"  running  to  weed")  to  render  its  determination  in  virgin  soils, 
laborious  and  even  uncertain  as  it  is,  a  matter  of  comparatively 
little  jorac/icra/  consequence,  however  great  might  be  its  theo- 
retical interest. 

As  for  the  determination  of  the  degree  of  oxidation  of  iron, 
I  confess  I  fail  to  see  its  practical  bearing.  When  ferric  oxide 
is  present,  plants  surely  can  have  no  difficulty  in  reducing  the 
modicum  they  need  to  a  soluble  condition.  When  ferrous  oxide 
exists  to  any  great  extent,  it  indicates  a  want  of  drainage,  and 
manifests  itself  both  in  the  color  of  the  soil  and  in  the  poison- 
ous effect  on  vegetation.  But  farmers  surely  do  not  need  the 
aid  of  chemical  analysis  to  tell  them  that  their  soil  needs 
drainage  and  aeration  I  A  determination  made  t«>-day  would 
be  of  no  value  to-morrow,  if  the  soil  had  been  plowecl  in  the 
interval. 

Finally,  Dr.  Peter  does  determine  chlorine^  in  the  treatment  of 
soils  witn  carbonated  water ;  though  it  is  not  put  down  in  the 
general  analysis.  However,  the  soluble  chlorides,  like  the 
nitrates,  are  so  constantly  liable  to  variation  and,  as  experience 
shows,  so  little  likely  to  be  deficient  in  the  soil,  that  its 
omission  would  not  be  a  serious  practical  objection. 

A  much  graver  defect  is  the  failure  to  determine  separately 
the  organic  matter  (**  humus*')  and  the  chemically  combined 
water ;  and  to  this  is  owing,  in  a  measure,  the  unsatisfactoriness 
of  the  analyses  as  regards  information  on  the  physical  character 
of  the  soils.  A  large  amount  of  water  of  hydration  indicates, 
in  ordinary  cases,  a  correspondingly  clayey  soil,  where  heaviness 
in  working  may,  or  may  not,  be  relieved  by  a  large  amount  of 
"humus."  The  "volatile  matter"  item,  however,  gives  us  no 
information  whatsoever  on  these  vitally  important  points;  and 
there  is,  unfortunately,  no  simple  method  by  which  the  deter- 
minations in  question  can  be  effected  even  approximately. 
That  they  should  form  part  of  every  soil  analysis,  is  obvious, 
if  only  on  account  of  the  importance  of  "humua" 

I  have  attempted  to  obtain  a  reliable  scale  of  the  different 
degrees  of  "  heaviness"  of  soils,  from  the  determination  of  their 
maximum  absorption  of  hygroscopic  moisture  at  ordinary  tem- 
peratures. I  find  that  at  temperatures  from  about  -f  7°  to 
-f-21°,  the  amount  of  aqueous  vapor  absorbed  by  a  thin  layer 
of  soil  exposed  to  a  saturated  atmosphere  remains  very 
nearly  constant,  being  for 
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Very  sandy  soils, 1*6  to    2*0  per  cent. 

Loam  soils, 6*0  to    8"6      " 

Clay  soils,  very  heavy, 12*0tol5*0      " 

re  being,  of  course,  all  intermediate  grades  of  hygroscopic 
7er,  as  well  as  of  *' heaviness."  It  appears  that  for  this 
3rval  of  temperature,  the  decrease  of  absolute  absorbing 
^er  in  the  soil,  resulting  from  the  rise  of  temperature,  is 
b  balanced  by  the  increased  amount  of  vapor  diffused  in 
air — not  an  unimportant  circumstance,  with  regard  to 
jetable  lifa 

?here  are,  howevei*,  two  soil  ingredients  which  interfere 
lously  with  the  correctness  of  the  estimate  as  to  "heaviness," 
ived  from  the  coefficient  of  absorption,  viz.,  "Aum^^«"  and 
ic  oxide.  Both  of  these  are  highly  hygroscopic,  yet  both 
nteract  the  "  heaviness  "  caused  hj  excess  of  clay.  Moreover, 
re  is  a  class  of  soils  (viz.,  fine  siliceous  silts)  whose  exceeding 
3aviness"  in  cultivation  is  much  complained  of,  yet  whose 
orbent  power  is  verv  small. 

iVhen,  as  in  the  majority  of  cases,  the  surface  soil  has  been 
ectly  derived  from  the  subsoil,  the  disturbing  effect  of  the 
umus"  may  b§  sensibly  eliminated  by  comparing,  not  the 
Is,  but  the  subsoils,  in  this  respect*  As  to  the  ferric  oxide, 
ire  are  among  about  200  Mississippi  soils  analysed  but  three 
four  whose  agricultural  qualities  would  have  been  seriously 
ler-estimated  by  a  reliance  upon  the  coefficient  of  absorption 
na 

But  I  do  not  for  a  moment  admit,  that  in  a  material  so  com- 
X  both  ii^  its  composition  and  mode  of  action  any  one  or 
r  data,  whether  chemical,  physical,  or  agricultural,  may  be 
led  upon  to  characterize  tne  soil :  or,  as  Prof.  Johnson  ex- 
isses  it,  "to  do  violence  to  agricultura"  So  far  from  this, 
onsider  that  a  proper  interpretation  of  the  analytical  results 
ist  take  into  consideration,  not  only  all  the  chemical  and 
ysical  &cts  observed  on  the  specimen,  but  all  that  has  been 
can  be  observed  in  loco — the  location,  depth,  derivation, 
ations  to  drainage,  etc. ;  as  well  as  all  that  is  known  con- 
ning the  qualities  or  peculiarities  of  the  soil,  both  in  its 
mTBi  state  and  in  cultivation.  As  Prof.  Johnson  says,  it 
)uld  "  form  part  of  a  system  of  observations  and  trials ;  must 
a  step  in  some  research  ;  must  stand,  not  as  an  index  to  a 
rren  met,  but  as  the  revelator  of  fruitful  ideas." 
Such,  precisely,  has  been  my  object  irom  the  beginning  of 
'  researches  on  the  soils  of  Mississippi,  for  sixteen  years  past 
jarlv,  the  difference  between  Prof.  Johnson's  position  and 
ne  IS  one  of  degree  only  ;  yet  this  difference  is  not  a  slight 

*  In  goch  cues,  the  mufaoe  soil  is  always  more  sandj  than  the  subsoU. 

It.  JooB.  Sol—Thibd  Sbb»,  Vol.  IV,  No.  84.— Dia,  1S79. 

37 


442         E.  W.  ffilgard—Sail  Analyses  and  their  UtOity. 

one,  since  while,  as  before  remarked,  I  have  made,  or  caused  to 
be  made,  some  200  analyses  of  soils  and  sabsoils,  his  classic 
works  on  the  growth  and  nutrition  of  plants  do  not  contain  so 
much  as  a  tabular  exemplification  of  the  composition  of  variouB 
soils,  as  resulting  fix)m  chemical  analysis.  If,  then,  "  the  prob- 
abilities of  its  uselessness  in  direct  application  to  practice  are  so 
great,"  as  Prof.  Johnson  seems  to  hold,  I  have  committed  a 
grievous  error,  and  squandered  the  substance  of  the  States 

I  think  that  the  considerations  already  adduced  should  plead 
measurably  in  extenuation  of  my  course.  But  I  vrill  now  state 
succinctly  what  services,  in  my  view,  soil  analyses  may  fidrly 
claim  to  be  capable  of  performing,  when  conducted  substantially 
in  the  manner,  to  the  extent,  and  under  the  conditions  defined 
above. 

I  take  it  for  granted  that,  if  in  the  determination  of  the 
mineral  ingredients  we  were  able  to  distinguish  clearly  from 
one  another  the  portion  immediately  available  to  plants,  from 
that  which  is  in  an  unavailable  form,  we  would  go  far  toward 
accomplishing  what  was  originally  claimed  for  soil  analysis ; 
and  this  Dr.  Peter  attempted  te  ao  by  treatment  of  the  soils 
with  carbonated  water.  It  cannot  be  doubted,  however,  that 
plants,  as  well  as  agriculturists,  have  at  their  disposal  much 
more  powerful,  or  at  least  more  energetic^  solvents ;  and  that, 
therefore,  a  determination  of  those  ingredients  which  may 
fairly  be  considered  practically  within  the  reach  of  agriculture, 
must  go  deeper  than  does  that  with  carbonated  water. 

Opinions  may  differ  widely  as  to  the  proper  strength  and 
nature  of  the  solvent  {^''AufschliessungsmitieV)  to  be  selected 
Hydrofluoric  acid,  or  ignition  with  the  alkaline  earths,  would 
evidently  go  too  far ;  as  no  soil,  probably,  will  ever  yield  up 
the  whole  of  its  nutritive  ingredients  te  plants,  and  fertility  is 
far  from  being  proportional  to  the  whole  amount  of  potash, 
phosphoric  acid,  eto.,  contained  therein. 

When,  however,  a  partial  solvent  of  uniform  strength  is  used 
in  all  cases  alike,  and  its  action  continued  for  the  same  length 
of  time,  it  may  fairly  be  presumed  that,  as  between  soils  of 
similar  origin^  the  amounts  so  rendered  soluble  are,  in  a 
measure,  proportional  to  the  amounts  of  available  nutriment 
present. 

In  using  hydrochloric  acid  of  the  strength  1*11  to  1*12  sp.  g., 
obtained  by  slow  steam  distillation  of  stronger  or  weaker  acid, 
rejecting  the  first  and  last  portions,  I  have  in  most  cases  found 
quite  a  satisfactory  agreement  between  the  results  so  obtained 
and  the  experience  of  cultivators  as  to  the  productiveness  and 
duration  of  the  respective  soils ;  always  provided^  that  the 
difference  in  the  amounts  of  inert  sand  present,  of  specific 
gravity,  of  depth  of  soil,  ete.,  were  taken  into  account 
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The  proviso  is  important;  but  that  with  a  proper  local 
knowledge  these  allowances  can  be  made,  and  that  in  most 
cases  the  information  thus  gained  regarding  the  nature  and 
treatment  of  the  soil  will  be  vastly  more  complete  and  reliable 
than  the  judgment  of  any  number  of  '^old  intelligent  farmers,'' 
raj  experience  has  fully  convinced  me ;  witness  the  egregious 
mistakes  daily  made  by  such  in  the  selection  of  new  lands. 
Moreover,  a  small  minority  only  of  formers  is  likely  to  possess 
the  requisite  ''  age  and  intelligence" ;  and  it  is  quite  important 
that  the  multitude  of  those  less  fortunate  should  have  the 
benefit  of  all  the  help  science  can  give  them. 

I  will  adduce  but  one  "  odious  example"  of  a  widely  prev- 
alent error  in  reference  to  the  character  oi  a  class  of  soUs,  that 
I  have  as  ^et  been  unable  to  eradicate,  even  £rom  among  the 
"old  and  mtelligent;"  who  are  unfortunately  very  much  given 
to  theorizing  on  inadequate  premises.  Our  prairie  soils  are 
notoriouslv  Bmy ;  they  are  also  very  "  sticky" ;  and  the  mud 
takes  the  nair  off  the  feet  of  cattle.  Ergo^  every  "  sticky"  clay 
soil  in  the  State  is  called,  considered,  and  treated  as  a  'prairie ' 
soil,  especially  if  the  hardened  clods  adhering  above  the  hoofs 
of  cattle  should  carrv  the  hair  with  them.  If  such  soil  is  un- 
thrifty,  and  rusts  cotton,  it  is  because  '*  there  is  too  much  lime 
in  it, '  which  "  scalds"  the  seedlings.  In  matter  of  £Etct,  most 
of  these  soils  are  notably  deficient  in  lime,  so  as  to  be  most 
directly  and  immediately  benefited  by  its  application  wherever 
it  has  been  tried,  in  accordance  with  my  suggestion.  The  lime 
here  acts,  probably,  as  much  chemically  as  physically ;  the  clay 
being  rich  in  potash,  as  per  analysis.*  While  the  physical 
defects  of  these  soils  are  doubtless  the  main  cause  of  the  crop 
failures,  yet  analysis  has  suggested  a  remedy  which  relieves, 
for  the  time  being,  from  the  necessity  of  the  more  costly  im- 
provements ;  lime  being  comparatively  easy  of  access. 

Analogous  cases  are  far  from  infrequent,  both  in  this  and  in 
the  adjoining  States ;  and  I  have  been  led  to  attach  special  im- 
portance to  the  determination  of  lime  in  soils,  from  the  (not 
unexpected)  rule  which  seems  to  hold  good  very  generally, 
viz.,  that,  Cfjeterie  paribus,  the  ihri/Uness  of  a  soil  is  sensibly 
dependent  upon  the  amount  of  lime  it  contains ;  while,  at  the 
same  time,  in  the  usual  mode  of  culture  without  return  to  the 
soil,  the  duration  of  fertility  is  correspondingly  diminished, 
and  its  cessation  is  very  abrupt  wherever  much  lime  is  present 

It  may  be  said  that,  after  all,  this  is  but  what,  from  data 
already  Jcnown,  might  have  been  expected.  Granted;  then, 
a  fortiori^  soil  analysis,   involving  the  determination  of  lime, 

*  See,  lor  example,  the  article  "  Heavy  Flatwoods  Soil,"  in  mj  Mies.  Rep., 
3860,  pp.  276,  279.  • 
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is  of  considerable  xue  in  determining  the  pratent  and  fiitan 

value  of  soila 

In  speaking  of  the  ''  amount"  of  lime,  I  most  be  nodenlood 
to  refer,  not  so  much  to  its  absolute  peroentage^  aa  Id  its  auaik* 
tit^  in  comparison  with  that  of  potaan,  whibhy  with  riioaraoDS 
acid,  is  what  all  our  fertiliEers  ohieflj[  aim  to  supply.  ^Hieir 
determination  must,  of  course,  be  considered  of  pEnzne  impoifr 
ance,  since  their  absence  or  extreme  soaroily  is&tal  to  profitahb 
fertility ;  while,  when  they  are  present,  even  though  imm$ 
diately  available  for  absorption  to  a  slight  extent  only,  we 
possess  in  lime,  ammonia^  etc.,  and  the  feUoWi  ready  and 
powerful  means  for  correcting  their  chemical  condition. 

Here  again,  the  practical  value  of  soil  analysLs  is  direct  and 
indisputabla  It  is  of  no  small  interest  to  know .  whether  As 
soil  we  intend  to  cultivate  contains  0*76  per  cent  of  potash  and 
0*25  of  phosphoric  acid,  soluble  in  H  CI,  or  o^y  the  fifth  or 
tenth  part  of  these  amounta  One  will  bear  improvement  of  all 
Mnds — will  pay  for  underdrainins^  terracing,  etc ;  while  As 
other,  quite  similar  in  aspect  perhansi  would  not,  aooording 
to  Liebig's  testimony,  ordinturily  oe  capable  of  profitable 
eultura 

Again,  it  is  well  known  that  the  same  species  of  plants  may 
occupy  soils  of  widely  different  quality  and  value.  True,  an 
attentive  observer  will  in  such  cases  see  differences  in  the  mode 
of  development  ;*  yet  these  are  often  such  as  to  escape  ordinaiy 
remark,  and  grievous  disappointments  frequently  arise  from 
this  source,  with  new  settlers  especially.  It  is  of  no  small 
importance  to  be  able  to  identi/yj  as  well  as  to  distinguish, 
«oiis  resembling  each  other;  and  this,  soil  analysis  can  un- 
doubtedly do,  if  there  is  any  virtue  in  the  law  of  prob- 
abilities even — admitting  all  that  may  otherwise  be  said  against 
their  reliability. 

Even  if  no  other  direct  benefits  than  those  already  men- 
tioned could  be  attained  by  the  chemical  and  mechanical 
analysis  of  soils  (which  I  do  not  admit,  and  expect  to  prove 
otherwise  hereafter);  even  if  we  leave  out  of  consideration 
the  addition  to  our  general  knowledge  which  may  fairly  be 
expected  to  result  from  extensive  series  of  such  investiga- 
tions, carried  out  upon  a  uniform  plan,  whereby  accidental 
errors  (whether  caus^  by  "birds  or  squirrels,"  or  analytical 
and  other  mistakes)  will  be  eliminated  ;  even  thus,  I  contend 
that  the  practical  and  theoretical  value  of  soil  analyses  is 
suflBciently  great  to  justify  whatever  labor  and  expenditure 
mav  be  bestowed  upon  tliem  by  state  and  national  surveys; 
and  that  the  neglect  with  which  this  branch  of  research  nas 

*  Mi88.  Bep.,  X860,  p.  303. 
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of  late  been  customarily  treated,  is  the  more  to  be  regretted 
as  no  probable  amount  of  private  effort  can  accomplish  what 
must,  of  necessity,  be  done  on  an  extended  scale  and  with  the 
prestige,  voluntary  assistance,  and  interest,  not  usually  accorded 
to  any  but  public  enterprises.  And  with  due  deference  to  the 
author  of  the  two  volumes  whose  extraordinary  merits 
no  one  appreciates  more  than  myself,  I  call  upon  my  col- 
leagues in  State  surveys,  especially  in  the  West  and  South, 
to  reconsider  this  subject  before  it  is  too  late,  and  a  legislative 
fiat  declares  their  work  to  be  **  finished."  It  is  true  that  the 
agricultural  colleges  must  and  will  take  up  and  continue,  as 
far  as  possible,  the  investigation  of  the  agricultural  peculiarities 
of  each  State ;  but  the  special  and  local  e^erience  acquired 
by  those  conducting  a  field  survey,  as  well  as  their  oppor- 
tunities for  extensive  and  comparative  observation,  are  unfor- 
tunately "  not  transferable,"  even  to  the  finest  quarto  report 
In  order  to  attain  their  highest  degree  of  usefulness,  our  agri- 
cultural colleges  should  teach,  not  merely  general  principles, 
together  with  a  sufficiency  of  the  handicraft  of  agriculture ;  but 
tiiey  should  be  enabled  to  point  out  to  each  student,  with 
reference  to  his  particular  neighborhood,  How  Crops  Grow, 
and  How  Crops  Feed. 

Uniy.  of  Miss.,  July,  1872. 


Abt.  Lin. — The  Heat  produced  in  the  Body,  and  the  effects  of 
Exposure  to  Cold ;  by  JOHN  C.  Dbaper,  M.D. 

The  following  results  were  obtained  in  an  attempt  to  deter- 
mine the  quantity  of  heat  passing  off  from  the  surface  of  the 
body,  by  finding  now  much  it  would  elevate  the  temperature 
of  a  known  mass  of  cool  water  during  a  given  period  of 
time. 

The  manner  of  experimenting  was  as  follows : — Seven  and  a 
half  cubic  feet  of  cool  water  were  drawn  into  a  bath,  and  the 
temperature  taken  after  careful  mixing.  The  bath  was  then 
covered  over  for  about  four-fifths  of  its  extent  to  prevent  the 
action  of  currents  of  air,  and  at  the  close  of  an  hour  the  tem- 
perature was  again  tested.  The  rise  of  ^  a  degree  represented 
the  amount  of  heat  absorbed  from  the  air  during  one  nour,  and 
was  deducted  as  a  normal  error  from  the  results  afterward 
obtained. 

During  the  time  occupied  in  determining  the  normal  error  of 
the  bath  (viz.,  one  hour),  I  lay  on  a  sofa  to  bring  the  circula- 
tory and  respiratory  functions  into  a  condition  similar,  as  regards 
position  of  the  body,  to  that  to  which  they  would  be  submitted 
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while  iu  the  bath.  My  dress  during  this  phase  of  the  expri- 
ment  consisted  of  a  thin  6annei  summer  undershirt,  Imea 
drawers,  and  cottoo  socks.  At  the  completion  of  the  hour  of 
rest  these  were  removed  with  as  litUe  exertion  as  possible  and 
I  stepped  into  the  bath,  and  laj  down,  allowing  only  the  head 
to  project  above  the  surface  of  the  fluid.  At  the  close  of  tn 
hour  the  temperature  of  the  bath  wae  again  taken,  I  then  left 
it,  and  drying  the  surface  of  the  body,  reassumed  the  sams 
dress  and  lay  down  on  the  sofa.  Throughout  thewbuieof 
each  experiment,  the  temperature  of  the  air,  the  dew  point,  the 
temperature  of  the  bath,  of  the  armpit,  mouth  and  temple  were 
taken,  together  with  the  rate  of  respiration  and  of  the  pulse. 

Since  in  these "  experiments  two  series  of  phenomeoa  are 
investigated,  I  have  for  the  sake  of  cleamcBS  of  deecriptioo 
separated  the  results  in  accordance  with  the  phenomena  io 
question,  and  direct  attention  first  to  the 

Quantity  of  heat  evolved  from  the  body. 


July  4. 
Temp,  of  air, 60°  F. 

Wet  bulb  thermometer, 78°  F. 

Experiment  commenced  at 11.45  a.; 

Temp,  of  water  when  drawn,...    73  J' 
Temp,  of  water  at  the  end  of 

an  hour  on  entering  the  bath. 
Temp,  of  water  at  the  close  of 

ati  hour  on  leaving  the  bath. 
Heat  imparted    to  the  water, 

deduclmg  normal  error, 
Vulume  of  water  in  the  bath, 
Tolame  of  the  body, 
Weight  of  the  body. 
Height  of  the  body, 


July  6. 

84°  F. 

76=  F. 
12.10  p.H. 
73}°  F. 


July  11. 


75i'F. 


764°  F- 
2"    F. 


7fli°  F. 
2°    F. 


7^  oabic  feet. 

3         "       " 

laoIbB. 

S  feet  &i  inchea. 


In  the  first  and  second  experiments  I  laid  perfectly  still ;  the 
results  therefore  show  the  quantity  of  heat  passing  off  from 
■the  surface  of  the  body  in  a  state  of  rest.  This,  as  the  table 
indicates,  could  warm  seven  and  a  half  cubic  feet  of  water  two 
dm;rees  in  one  hour.  The  volume  of  the  body  being  three 
cubic  feet,  it  follows  that  if  we  consider  the  specinc  heat  of  the 
body  as  about  the  same  as  that  of  water  (which  it  probably  is), 
enough  heat  is  evolved  in  the  course  of  one  hour  to  warm  the 
body  itself  about  five  degrees  of  Fahrenheit's  scale.  The  con- 
verse of  this  may  also  be  considered  as  true,  viz.,  that  after 
death,  the  air  being  at  73°,  enough  heat  is  lost  in  the  coarse  of 
an  hour  to  cool  the  body  five  degrees,  at  least  during  the  fint 
liour.    It  is  therefore  a  fact  of  considerable  importaace  from  a 
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medico-leffal  point  of  view,  especially  in  estimating  the  time  a 
body  has  oeen  immersed  in  water  after  recent  drowning  when 
the  temperature  of  the  water  is  about  73^,  as  is  the  case  with 
the  Croton  and  other  streams  in  summer. 

In  the  third  experiment  one  or  other  of  the  lower  extremities 
was  alternately  kept  in  motion  during  thirlr  minutes  of  the 
hour  in  which  the  Dody  was  immersed  m  the  bath.  The  move- 
ment consisted  in  extending  and  flexine  the  1^  on  the  thigh  at 
the  rate  of  fifty  flexions  per  minute,  and  being  performed  under 
the  surface  of  water  involved  considerable  muscular  exertion. 
Notwithstanding  this  violent  exertion,  as  the  table  shows,  there 
was  no  increase  m  the  amount  of  heat  imparted  to  the  water. 
The  consequences  flowing  from  this  result  are  of  great  physio- 
logical importance,  but  we  reserve  their  consideration  until  we 
have  completed  the  history  of  our  experiments.  We  therefore 
pass  to  the  examination  of 

The  physiologieal  ^ects  of  the  cold  hath  on  the  body. 


Experiment  of  JvJdy  l.—Best—  Jbn^.  of  Baih  74''  F, 
13  3  4  5 


6 


Tamp,  of  the  mouth, 
"  "  armpit, 
"        "       temple, 

Bate  of  respiration. 

Bate  of  pulse. 


Temp,  be- 
fore enter. 
lii£  the 


99*  F. 
96**F. 


96' 

20 

74 


P. 


Immed. 
after  enter- 
ing the 
bath. 


99*  F. 
97'F. 

22 
73 


After  1  hour 

In  tbe  bath  A 

Joet  before 

leaTlnc  tt. 


98*  F. 
96'F. 

16 
65 


Immed. 

after  lear 

Inir  the 

bath. 


97*F. 
92'F. 

13 
54 


One    bonr 
after  lear- 

Inff  the 

bath. 


97'F. 
96*  F. 
94"  F. 
16 
60 


Two  bonn 
after  lear- 

ina  tha 

bath. 


19 
72 


Kote, — A  chill  or  shock  was  experienced  on  entering  the  bath, 
and  the  sensation  of  coolness  remained  while  in  the  water. 
Skin  was  dry  and  hot  for  an  hour  and  a  half  after  coming  out 
Perspiration  set  in  and  skin  became  cool  two  hours  and  a  half 
after  coming  out  Shortly  after  leaving  the  bath  slept  for  80 
minutes. 


Bxperiment  of  Jtdy  Bi^^Best—Jbrr^,  of  Bath  14"  F. 
12  3  4  5 


6 


Temp,  of  mouth, 
»»  »«  armpit, 
"      "  temple, 

Bate  of  respiratioii, 

Bate  of  pulse, 


Before  en- 
tering the 
bath. 

Immed. 

after  en- 

terlna  the 

bath. 

After  1  hour 

In  the  bath  * 

just  before 

leering  It. 

Immed. 
after  leav- 
ing it. 

One    hour 

after  leav- 

ing  bath. 

99**  F. 

99'F. 

98"  F. 

97'' F. 

97'' F. 

98' F. 

97'F. 

94' F. 

94' F. 

97"  F. 

97"  F. 

^ 

95»F. 

96' F. 

96"  F. 

17 

21 

18 

16 

16 

78 

66 

64 

55 

56 

Twohonia 

after  lear-' 

Ing  bath. 

98"  F. 
97 'F. 
96*  F. 
16 
60 


Note, — Symptoms  same  as  in  experiment  1,  but  not  as  well 
marked ;  slept  80  minutes  as  in  preceding. 

If  in  the  tables  we  compare  column  1,  representing  the  con- 
dition before  entering  the  bath,  with  .column  4,  representing  the 
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oondition  immediately  after  leaving  it^  we  find  that  in  boft 
experiments  the  ezpomire  for  one  hour  to  water  at  a  tempenr 
tore  of  about  74^  F.  lowered  the  temperature  of  the  mnidi 
two  degrees,  of  the  armpit  fomr  d^reea,  and  of  the  temple  t«9 
degrees.  The  rate  of  respiration  is  also  diminished  in  one  eve 
two  and  in  the  other  four  movementSi  and  that  of  the  pain 
twenty  beats  in  one  and  twenty-three  in  the  other.  It  is  tlbeie> 
fore  evident  that  the  effects  of  the  long  continued  appIicatioB 
of  a  degree  of  cold  such  as  that  empfoyed,  is  to  reduce  Ae 
temperature  of  the  body  and  the  rate  of  respiration  slurihtly. 
while  tt  affects  the  rate  of  pulsation  in  a  veiy  piolmiia 
manner. 

One  of  the  consequences  of  this  effect  of  cold  on  tiie  actioB 
of  the  heart  was  a  great  reduction  in  the  quantity  of  oxyfj/eok 
introduced  into  the  system.  The  rate  of  pulsation  beuu 
reduced  nearly  one-third,  the  quantity  of  ox^^gen  coaveTed 
into  the  interior  of  the  body  was  diminished  m  a  somewtuit 
similar  ratio.  In  a  short  time  this  began  to  exert  its  influence 
on  the  nervous  centers,  and  there  was  a  overwhelmin|;  disposi* 
tion  to  fall  asleep,  which  was  unconsciously  indul^i^l  in  in  doA 
experiments  shortly  after  leaving  the  bath,  notwitostanding  the 
strong  desire  to  keep  awake  for  the  purpose  of  recording  the 
rates  of  pulse  and  respiration  at  given  periods. 

Another  evident  consequence  of  such  a  sluggish  movemeat 
of  the  blood  is  the  disposition  to  congestion  of  various  internal 
organs,  and  herein  we  may  see  a  partial  explanation  of  the 
action  of  cold  in  causing  inflammations,  especially  of  those 
ormns  engaged  in  the  processes  of  secretion  and  excretion. 

The  discussion  of  the  results  obtained  has  thus  fiir  been  coo- 
fined  to  the  consideration  of  colunms  1  and  4.  I  have  followed 
this  course  because,  while  in  the  bath,  a  slight  access  of  water  to 
the  armpit  or  to  the  temple  causes  irregularities  in  the  thermo- 
metric  mdications.  In  the  case  of  the  respiratory  movements 
it  is  also  veiy  difficult  to  avoid  influencing  them  in  the  act  of 
counting.  The  mouth  temperatures  are,  it  is  true,  free  firom 
the  influence  of  external  agents,  but  the  differences  are  too 
small  to  be  perfectiv  reliabla  In  the  case  of  the  pulse  deter- 
minations none  of  these  objections  can  be  urged;  they  are  con- 
siderable, and  by  counting  for  half  a  minute  for  every  record 
made,  the  error  is  reduced  to  a  maximum  of  one  beat  The 
movements  of  the  heart  are,  in  addition,  free  from  the  liability 
to  error  that  exists  in  the  case  of  the  respiratory  movements. 

Accepting  the  pulse  determinations  as  being  accurate  and 
reliable  indications  of  the  effects  produced,  both  while  in  the  bath 
and  out  of  it,  we  may  return  to  the  consideration  of  the  tables, 
and  compare  together  columns  1,  8  and  4.  RecoUecting  that 
1  represents  the  condition  on  entering  the  bath,  and  8  that  just 
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before  leaving  it,  after  an  immersion  of  one  hour  we  find  that 
the  pulse  was  reduced  nine  beats  in  the  first  experiment,  and 
fourteen  in  the  second.     If  now  we  compare  8,  the  condition 

i'ust  before  leaving  the  bath,  with  4,  the  condition  just  after 
eaving  it,  we  find  that  the  rate  of  the  pulse  has  dimin- 
ished eleven  beats  in  the  first  and  nine  in  the  second  ex- 
periment The  explanation  of  this  extraordinary  reduction  of 
the  pulse  rate  on  leaving  the  bath  is  by  no.means  clear.  One 
thing  is,  however,  very  evident,  and  that  is,  the  profound  effect 
of  the  application  of  cold,  as  is  shown  not  only  by  the  singular 
phenomenon  of  which  we  have  just  spoken,  but  also  by  the 
slowness  with  which  the  original  rates  of  pulsation  are  regained, 
as  is  demonstrated  by  columns  6  and  6  of  the  tables. 

The  motion  experiment  of  July  11th  gave  the  same  general 
physiological  results  as  the  rest  experiments  of  July  4th  and 
5th.  The  difference  being,  that  dunng  the  motion  the  respira- 
tory movements  became  80  per  minute  and  the  pulse  90,  ooth 
regaining  the  rate  repreeentea  in  the  rest  experiments  very  soon 
after  the  cessation  of  the  exercisa  Placing  this  great  increase 
of  the  respiratory  movement  in  juxtaposition  with  the  failure 
of  the  exercise  to  cause  any  perceptible  increase  in  the  tempe- 
rature of  the  bath,  it  is  evident  that  the  contact  of  the  cold 
water  must  put  an  almost  absolute  stop  to  the  functions  of  the 
skin,  and  the  whole  duty  of  exhalation  of  vapor  of  water  and 
consequent  removal  of  heat  is  thrown  on  the  lungs ;  hence  the 
increased  respiratory  action,  and  hence  also  the  specidl  tendency 
of  application  of  cold  to  the  surface  to  produce  inflammations 
of  those  organs  by  increasing  the  work  tney  are  obliged  to  per- 
form, and  raising  the  pulse-respiration  ratio  to  that  actually 
existing  in  pneumonia. 

In  conclusion,  it  may  be  observed  that  the  primary  and  most 
important  effect  of  the  application  of  cold  to  the  whole  surface 
of  the  body  is  to  reduce  the  action  of  the  heart  This  reduc- 
tion is  still  further  increased  on  removing  the  cold,  if  the  appli- 
cation has  continued  for  a  sufficient  length  of  time ;  and,  as  a 
consequence  of  the  reduction  of  the  heart's  action,  the  pheno- 
menon of  stupor  or  sleep  appears,  produced  either  by  deficient 
oxidation  or  by  imperfect  removal  of  carbonic  acid.  There  is 
also  a  tendency  to  congestion  of  various  internal  organs,  espe- 
cially of  the  lungs,  and  the  establishment  of  a  pulse-respiration 
ratio  similar  to  that  of  pneumonia. 

Ck>nege  of  the  City  of  New  York,  Oct.,  1872. 
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Abt.  LIY. — On  Ae  Quarimkf  Ltmukme  and  nmociaied  radb  ^ 
(he  vidnify  of  QreoU  Barrington^  BerkJun  Ox,  Mom,;  \fj 
Jamxs  D.  Dana. 

(ConUiined  from  p^[»  tt«^) 

8.  8tra$ificaticn, 

(a.)  Monumeni  Mmniaif^  cmd  Om  Hausaiimic  FUby  qcywuijiy 

a  on  the  west 

Monument  Mountain  has  a  precipice  of  hard  quartsite  ob  iti 
eastern  front,*  and  a  wall  or  the  same  rock  dong  tiie  mdm 
&cing  southweet  and  west,  while  through  the  interior  the  rook 
is  mica  schist  and  fpiiei8& 

The  hard  quartsite  of  the  walls  is  without  bedding;  but  ii 
jointed  in  various  direbtionsi  The  most  regular  and  profimiid 
of  these  joints  have  approzimatelj  a  north-and-eouth  aizectioa 
(N.  lO""  k  to  N.  10""'  W.Xt  and  are  nearly  vertioaL  Anothsr 
^tem  of  divisional  j>lane8  in  the  eastern  mass  of  quartsite  is 
strikinglv  apparent  in  a  view  from  the  Stockbridge  road 
along  the  eastern  foot  (see  map) ;  the  planes  through 
the  northern  half  dip  northward  15**  to  85**,  increasing 
to  the  northward;  and  in  the  southern,  southward  1^ 
to  20°,  the  northern  bending  over  into  the  southern.  The 
former  are  also  well  seen  along  the  mountain  path  near 
the  western  foot  of  this  crest  of  quartzite,  but  the  dip 
here  in  vifew  is  45°  to  60°.  The  strike  on  this  western  side 
is  nearly  east-and-west ;  at  one  place  it  was  N.  70°  E.  The 
divisional  planes  of  this  system  look  as  if  due  to  bedding,  and 
an  anticlinal  fold;  and  yet  they  are  simplv  joints, — ^perhaps  a 
result  of  contraction  on  cooling  after  consolidation. 

The  accompanying  figures,  1  and  2,  give  a  general  idea  of 
the  stratification.  The  first  is  a  section  drawn  through  the 
mountain  near  its  southwestern  sida 

1. 


Section  across  Housatonio  Valley  and  Monument  Mountain. 

*  This  eastern  quartzite  crest  or  ridge  of  Monument  Mountain  la  the  part  usoallT 
ascended  bj  tourists.  A  path  leaves  the  Stockbridge  road  near  p  (see  map)  ind 
passes  up  the  interior  of  ^e  mountun,  near  the  western  foot  of  this  ridge,  to  iti 
north  end,  where  is  the  best  place  of  ascent ;  a  branch  path  leads  off  also  to  iti 
south  end.  The  view  takes  in  the  Catskills  on  the  west,  Graylock  to  the  north, 
Mount  Everett  and  the  Taconic  range  to  the  southwest,  and,  nearer  bj,  the 
beautiful  vallej  of  the  Housatonic,  with  its  lakes  and  villages. 

f  The  courses  given  in  this  paper  are  compass  courses.  The  variation  in  the 
Barrington  region  is  about  B^*"  W.,  which  would  make  N.  10''  E.  compass  cooxae 
correspond  to  N.  1^"*  B.  true  course. 
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H  is  the  position  of  the  Housatonic  river,  and  a  little  south 
of  the  line  of  the  section  is  the  village  of  Housatonic.  Near 
y*  {p  on  the  map)  passes  the  road,  first  northeastward,  then 
northward,  to  Stockbridge.  As  shown,  there  are  in  Monument 
Mountain  two  strata  of  quartzite,  q\  q^y  with  two  of  schist, 
(mica  schistr  and  gneiss)  r,  «*,  all  dipping  southeasterly,  the 
average  slope  25**. 

The  thickness  of  the  upper  quartzite  of  Monument  Mountain 
is  200  or  250  feet ;  that  oi  the  schist  under  it  at  least  500  feet ; 
and  that  of  the  lower  quartzite  about  250  feet 

The  schist  (5*)  over  tne  interior  of  Monument  Mountain  varies 
much  in  strike  and  dip,  as  is  common  in  beds  that  are  little 
inclined.  The  dip  is  for  the  most  part  to  the  east  of  south- 
east 20*"  to  25**,  the  strike  being  about  N.  25°  E.  Just  west 
of  the  eastern  quartzite  the  amount  of  dip  varied  from  15®  to 
26®,  and  the  airection  was  generally  that  just  stated :  yet  in 
some  places  the  strike  was  N.  60®  W.  and  N.  TO''  W.  At  the 
quarry  {s  on  the  map),  where  there  is  a  large  quartz  vein  con- 
taining some  black  tourmalines  (and  a  trace  of  copper  pyrites) 
the  bedding  was  much  obscured  by  joints,  but  where  best  ex- 
hibited the  strike  was  N.  25®  E.,  and  the  dip  45®  to  60®— an 
exception  in  its  large  amount  to  the  general  dip  in  the 
mountain. 

There  is  no  good  outcrop  of  the  lower  schist  (5^)  at  the  west 
end  of  Monument  Mountam  east  of  the  Housatonic  river ;  but 
the  smooth  surface  of  the  foot  hills  or  slopes  in  that  part, 
and  the  sudden  transition  from  numberless  quartzite  frag- 
ments to  occasional  masses  of  gneiss  which  is  found  on  the 
descent  of  this  side  of  the  mountain,  are  evidence  of  its 
existence.  Besides  this,  the  stratum  of  schist  is  well  exhib- 
ited on  the  opposite  or  west  side  of  the  river,  where  it  first 
dips  eastward  at  an  angle  of  20®,  and  then,  farther  from  the 
river,  westward  10°  to  26®,  the  strike  nearly  north  ;  a  change  of 
direction  which  indicates  the  existence  along  the  valley  of  a 
low  anticlinal,  as  represented  in  the  section  (fig.  1).  A  little 
farther  west  there  is  a  bold  ridge  of  auartzite,  which  is 
evidently  the  western  side  of  the  fold  or  the  quartzite  (^). 
A  narrow  depression  or  valley  intervenes  between  the  schist 
and  this  quartzite,  so  that  the  actual  superposition  of  the 
former  was  not  visible ;  but  the  dip  of  the  schist  was  not  only 
toward  the  quartzite  on  the  east  (as  shown  in  the  section),  but 
also  on  the  west  of  it  in  the  Williamsville  valley;  and  hence 
the   quartzite   is  the   course  of   a    shallow  synclinal.       The 

3uartzite  was  of  the  hard  jointed  kind,  indistinct  in  its  bedding. 
Lt  one  place  I  observed  a  westward  dip  of  20® — the  strike 
N.  20®  W. — in  divisional  planes  which  ^appeared  to  be  those 
of  the  bedding. 
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The  following  section  of  Monument  Moontain  (fie.  2)  np* 
resents  the  stratification  along  a  line  half  a  mile  north  of  Ihift 
of  the  first  (%.  1> 

1 


«»  «»  r    H     i»  «»  j»  V 

Beotlon  aoroM  HoiMwtonle  YaOej  and  MbiiimMaBifc  if^niftaii^ 

On  the  uie«r,  it  passes  the  Hoosatonio  river,  near  an  old  dia- 
mantied  iron  furnace,  (^  on  map),  about  three-fbortha  of  a  mfle 
north  of  Housatonic  village.  On  the  east^  it  comes  out  in  front 
of  a  limestone  quarrj,  just  west  of  the  road  to  Stodkbridga 

The  upper  quartzite,  9",  forms  a  bold  predpioe  cf  200  fret 
along  the  eastern  firont  of  the  mountain.  Below  this  and  ila. 
talus,  the  slope  is  made  up  of  ffieat  blocks  of  Rndas,  many  like 
houses  in  size,  but  all  displaced,  owing  evidently  to  die  wedging 
action  of  growing  treesL  This  line  of  junction  between  ^ 
schist  and  quartzite,  along  the  firont,  rises  going  norihwofd; 
and  at  the  northern  limit  of  the  quartzite  crest,  where  this 
crest  loses  rather  abruptly  150  feet  or  more  of  its  height,  it 
meets  the  stratified  schist  which  is  there  in  place  as  the  top  rock 
of  the  mountain  ;  while  southward^  the  upper  line  of  the  schist 
fedls  gradually  in  height,  corresponding  with  the  southeasterly 
dip  of  the  strata.  The  schist  of  the  interior  of  the  mountain 
here  passes  through  to  the  east  face,  beneath  the  bed  of 
quartzite. 

In  adilition  to  this  evi4ence  as  to  the  true  stratification  and 
position  of  the  quartzite,  there  is  distinctly  stratified  qiuirtzite  con- 
jormable  beneath  the  gnevis,  at  the  west  end  of  the  mountain, 
toward  the  summit  The  locality  where  I  observed  this  bedded 
quartzite  is  just  above  the  level  of  the  hard  bedless  quartzite, 
and  about  a  hundred  yards  to  the  east  of  it,  at  a  point  marked 
t  in  the  map  ;*  a  weathered  blufi^  of  it  much  resembles  in  its 
regular  lines  of  nearly  horizontal  stratification  the  bluflF  of 
gneiss  that  forms  the  western  brow  of  the  mountain  a  hundred 
feet  above  it  This  bedded  quartzite  is  a  somewhat  crumbling 
rock,  and  the  decomposition  of  the  lower  layer  is  undermining 
the  bluflfl  It  lies  conformably  beneath  the  schist ;  the  dip  of 
the  quartzite  is  15°  to  20°,  the  strike  N.  25°  E.,  and  the  dip  of 
the  schist  above  and  a  little  farther  east  25°,  with  the  same 
strike.  The  depression  on  the  east  side  of  the  hard  western 
quartzite  (indicated  in  both  sections),  varying  in  depth  from  40 

*  The  point  i  may  be  reached  by  taking  a  quarry  road  at  r  (see  map)  and  fol- 
lowing it  beyond  the  quarries  (s)  until  the  road  becomes  a  mere  path  (at  fy  The 
bluff  of  bedded  quartzite  is  to  the  right  of  the  path,  a  little  distance  from  it 
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o  80  feet,  is  probably  due  to  the  abrupt  change  in  the  rock 
ix>m  the  hard  jointecT  to  the  softer  bedded  kind. 

Traces  of  similar  bedding,  and  of  like  softness  in  the  rock 
vhere  bedded,  occur  at  the  northern  margin  of  the  tastem  crest 
>f  quartzite,  along  the  path  descending  northward ;  also  in 
lome  places  near  the  hara  auartzite  of  tne  southwestern  wall, 
^here,  at  places,  I  passed  isolated  masses  of  great  size  undergoing 
ieep  disintegration,  that  bore  evidences  of  the  great  amount  of 
leCTadation  which  had  taken  place  around  them. 

Descending  the  western  slope,  toward  the  Housatonic  river 
md  village,  the  quartzite  is  passed ;  and  then  a  region  of  schist, 
ndicated  (as  stated  above)  by  a  sudden  substitution  over  the 
dopes  of  loose  masses  of  schist  in  place  of  quartzite ;  and, 
inallj,  within  less  than  a  hundred  feet  of  the  base,  on  the  path 
leading  northwestward  toward  the  old  furnace,  there  is  an 
outcrop  of  limestone  with  a  slight  easterly  dip.  West  of  the 
river  the  same  limestone  is  exposed  in  the  slopes  beyond  the 
poad,  and  it  there  has  a  westerly  dip  (10**  to  25°,  the  strike  north) 
eus  shown  in  the  section ;  and  this  limestone,  at  a  point  just 
west  of  a  quarry,  is  visibly  and  conformably  overlaia  by  mica 
schist,  dipping  25°  to  the  westward.  Neither  the  limestone  of 
section  2  nor  the  lower  schist  (s^)  (mica  schist  and  gneiss,  one 
passing  into  the  other)  of  section  1  is  exposed  to  view  in  the 
river  banks,  on  account  of  the  deep  covering  of  stratified 
drift,  so  that  the  thickness  of  the  schist  was  not  ascertained ;  it 
probably  does  not  exceed  50  feet  The  limestone  is  the  true 
Stockbridge  limestone. 

The  same  low  anticlinal  is  here  apparent  that  is  represented 
in  figure  1 ;  and  it  is  further  evident  that  the  anticlinal  has  an 
inclined  axis  dipping  southward,  inasmuch  as  the  limestone, 
an  inferior  stratum  in  the  fold,  is  exposed  on  going  north, 
while  covered  to  the  south. 

The  mica  schist  of  the  interior  of  Monument  Mountain,  and 
part  of  the  gneiss  layers,  decompose  rapidly  and  deeply,  and  by 
this  means  much  of  the  region  is  deeply  covered  with  earth, 
which  is  partly  clayey. 

The  main  propositions  stated  at  the  commencement  of  this 
paper  on  the  Great  Barrington  region — that  the  quartzite  occurs 
mterstratified  conformably  with  the  Stockbridge  limestone  and 
the  accompanying  mica  schist  and  gneiss,  and  that  the 
quartzite  is  one  of  the  newer  rocks  in  tnis  part  of  the  Green 
Mountains — appears  to  be  well  established  by  the  facts  already 
adduced.  But  others  no  less  decisive  are  afforded  by  the 
country  adjoining  on  the  west,  south,  and  east 

[To  be  oontiiioed.] 
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Art.  LV. — On  the  relation  between  Color  and  (Jeograph'cal  Da-  \ 
trtbution  in  Birds,  as  echibited  in  Melanism  and  ayperchront-  . 
ism;  by  ROBERT  RlDQWAY.  1 

The  two  cbief  modifications  of  color  eiperienced  in  the  sef  •  * 
era]  geographical,  or  climatic,  regions  of  tne  North  American 
continent,  dj  certain  species  of  birds  which  are  resident  over* 
reiy  extended  area,  are  the  following : — I.  A  melamstic  tendmctj. 
which  may  be  either  an  increase  in  the  intensity  of  color  or  in  , 
the  extent,  of  the  black  parts  of  the  plumage ;  and  IL  A  'jreater 
brightness,  or  an  increased  prevalence,  of  the  three  primary  colort, 
red,  blue,  and  yellow. 

These  featurcB  are  mainly  noticeable  as  the  result  of  a  tropi- 
cal inBuence,  for  they  are  most  highly  developed  in  middle 
America,  and  become  eia^erated  in  proportion  to  the  decrease 
of  latitude.  But  in  the  Pacific  province  of  North  America 
they  are,  in  many  cases,  either  entirely  similar,  or  repreaenied 
by  somewhat  modified  analogous  laws :  thus,  tie  law  of  melan- 
ism seems  to  be  equally,  if  not  more  specially,  characteristic  of 
the  P^Lcific  |>nn-iiK-(.-;'  the  affriue  <jf  iiiodiHcLition  i:>f  vcllnw 
tints  also  appears  to  be  about  the  same  in  the  two  r^ons ;  but 
in  regard  to  red,  the  rule  seems  to  be  that  in  middle  America  it 
is  increased  in  intensity,  and  in  the  Pacific  province  of  Nortli 
America  it  is  increased  in  extent,  or  amount;  while  blue  seems 
to  be  affected  laiitudinally  only,  its  prevalence,  in  certain  casc^ 
increasing  as  we  trace  a  species  southward. 

These  generalizations  may  be  best  illustrated  by  presenting 
the  following  especially  noteworthy  cases: 

L  Melanism.  A  stnking  example  in  illustiation  of  this  lav 
is  found  in  ChrysomUris  psaUria,  under  which  we  range  as  races, 
C.  Arizonce  Goues,  C.  Mexicana  Swains.,  and  G.  Colurnbiana 
Lafr.  Specimens  of  this  bird  from  the  soathem  portion  of 
the  Western  province  of  the  United  States  (Rocky  Mountaiw 
to  California,  its  northern  limit  being  about  tiie  parallel  of  40°), 
have  the  black  of  the  upper  parts  confined  to  the  head,  wings 
and  tail,  the  entire  dorsal  region  being  olive-green;  this  fonn 
constitutes  the  true,  or  restricted,  C.  psaltrta.*  Bxamples  from 
Arizona,  New  Mexico,  and  the  northern  provinces  of  Mexico 
(var.  AraxmtBW  have  this  olive-green  clouded,  or  mixed,  with 

•  OaBTBOMTTBIS  nULTBlA  TOT,  POjILTBU. 

FringOaptallritt  8ikj,Laag't  Ezp.,ii,  1833,40.— (7AriM)auM*ji«aIM>Ban^ 

List,  1S38.— Baird,  B.  N.  Am.,  18G8,  422. 
Sab.   Rock;  Uts.  and  UiddJe  proTince  of  XJ.  S.,  north  to  abWL  40°. 

t  OeRTSOKTTRIB  FBALTRIA  tit.  AXIiOHM. 

Chn/samilria  Jlexiauia  tbt,  Ar^^na  Oouea,  F.  A.  N.  S,,  Pbilad.,  Utt.- 

Cooper,  Oro.  OsL,  i,  1810,  170. 
Mab.   Southern  border  of  XJ.  &,  in  New  ICazioo  uid  AriMnik 
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lack,  there  being  more  of  the  latter  color  in  the  Mexican  than 
1  the  ArizoAan  specimens.'  By  the  time  we  reach  the  latitude 
f  Mirador  and  Mazatlan,  the  black  entirely  replaces  the  olive- 
reen ;  the  bird  now  is  the  var.  Mexicana,^  and  continues  with 
early  the  same  characteristics  south  to  Costa  Rica  and  Pan- 
ma,  from  which  latter  countries  we  find  specimens  in  which 
le  black  is  often  appreciably  more  intense  and  lustrous  than 
1  those  from  Mexico.  These  three  forms  all  have  white  oto 
le  tail ;  but  in  specimens  from  New  Granada,  and  occasion- 
lly  in  those  from  Panama,  there  is  usually  a  total  absence  of 
le  white  marks  on  the  tail,  or  else  they  are  greatly  reduced  in 
Ize.  These  equatoreal  specimens  (var.  Oolumbiana)^  exhibit 
tie  extreme  of  melanism  m  this  species ;  and  when  compared 
dth  specimens  of  var.  psaliriay  only  or  without  any  of  the  mter- 
lediate  races,  appear  so  diflferent  as  to  convey  the  impression 
f  entire  distinctness;  but  when  we  bring  together  a  large 
3ries,  such  as  that  contained  in  the  Smithsonian  collection,  and 
otice  how  the  increasing  proportion  of  black  strictly  coincides 
rith  the  decreasing  latitude  of  the  localities  of  the  specimens, 
nd  observe,  too,  that  it  is  utterly  impossible  to  draw  a  latitu- 
inal  boundary  to  separate  any  two  of  these  several  races,  the 
onclusion  that  they  all  represent  climatic  modifications  of  one 
pecies  seems  unavoidable.  The  females,  it  is  well  known,  can 
3arcely  be  distinguished  by  experta 

Myiarchus  Lawrencii^  which,  starting  with  a  grajrish  brown 
rown  in  the  most  northern  examples  (var.  Lawrendi^l^  gradu- 
Uy  assumes  a  blacker  and  blacker  crown,  as  we  trace  it  south- 
rard,  first  through  var.  nigricapillus%  (Costa  Rica  and  Panama), 
nd  finally  ending  in  var.  nigriceps  I  (Ecuador),  which  has  the 

*  Chbtsohitbis  psaltria  var.  Mszioava. 

Oa/rdudiB  Memeana  Swains.,  Syn.  Birds  Hex.,  PhiL  Mag.,  1827,  IS^.—Chry- 
somitrtB  M,  Bonap.,  Oonsp.,  1850,  616.— Baird,  B.  K.  Am.,  1858,  423,  pL 
Uv,  f.  1. 
Hab.  Middle  America  (coast  to  coast),  from  Nor&em  Mexico  to  Oosta  Rica. 

f  ChBTSOIOTRIS  P8ALTBIA  VaT.  OOLXTMBIAKA. 

ChrymmiHs  Cokmhiana  Lafr.,  Rev.  ZooL,  1843,  292.— Baiid,  B.  N.  Am., 

1868,  423.— Sdater,  CataL,  1862,  124. 
Hab.  Bogota  to  Panama. 
%  Mtiabohxts  Lawbekoh  var.  LAwasNon. 

T^/raiwuia  LawrmcU  Giraud,  16  sp.  Texas  Birds,  1841,  pL  iL — Myiturckva  L, 

Baird,  B.  N.  A.,  1858, 18.— Sdater,  Oat  Am.  B.,  1862,  233.— Ooues,  P.  A.  N. 

S.,  July,  1872. 
Hob.  Mexico,  from  near  U.  S.  bomidary  southward  to  Mirador,  Mazatlan,  etc., 

and  inducting  both  coasts. 

§  MtIABOHUS  LaWBEKOH  var.  NIOaiOAFILLtJB. 

M^Tchw  niffricapiUua  "Cabanis,  MS.,*'  Sdater,  Oat  Am.  B.,  1862,  233.— if. 

LanorencU  Ooues,  P.  A.  N.  S.,  July,  1872. 
Edb,  Middle  America,  from  Southern  Mexico  to  Panama. 
I  Mtiabohxts  LAWBmron  var.  Niaaicnps. 
Jfyiarchus  nigricqM  Sdater,  P.  Z.  S.,  1860,  pp.  68,  296  (Ecuador).— lb.,  OataL 

Am.  B.,  1862,  234.— Ooues,  P.  A.  K.  Sw,  July,  1872. 
ffab,  Panama  to  Bcuador. 
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crown  deep  black.  SayomiB  nigrinwu^  *  from.  CSaUfinnia  nd 
Northern  Mexico,  hgs  the  criflsam  pore  white ;  Mizador  flpe» 
mens  have  it  clouded  with  duskjt  while  in  Costa  Bican  speci- 
mens (var.  aqwUieu8)^'\  it  is  entirely  blackish,  only  tbe  nuiUb 
of  the  abdomen  being  white.  In  all  these  cases  the  ohaim  ii 
gradual,  the  two  extremes  being  connected  hw  a  pemeAy 
unbroken  series  of  intermediate  specimena  FmoiymafiZiB 
of  the  United  States  has  the  crown  of  an  ashy  gray  ookyc;  uid 
tropical  American  examples  (var.  Joanhm^  Costa  Tim  and 
Ecuador),  have  it  dark  snuff-brown,  while  examples  £rom  IGn- 
dor,  Mexico,  are  as  exactly  intermediate  in  colors  as  they  aie  ia 
habitat 

The  same  law  as  regards  the  Pacific  province  of  Nbrdi  Am0^ 
ica  is  made  evident  bv  the  well  known  cases  of  PkvM  vtBoMt 
var.  Harr%s%i±  P.  pwedomB  var.  Chirdnen\  S^yrcpicuM  iwrnii 
var.  rtfier,^  tne  Northwest  coast  forms  of  Fileo  peregrmui,  /. 
Columbariua^  Bubo  VvrginianuB^  Seeps  am,  and  numerous  odier 
similarly  affected  si>ecies. 

IL  ine  law  ejecting  the  primary  colors. — Of  this  class  we  may 
begin  with  yellow,  as  being  the  color  whose  changes  are  mort 
nearly  parallel  with*  those  of  black,  i.  e.,  affected  nearly  simi- 
larly in  middle  America  and  the  Pacific  province  of  North 
America.  The  following  cases  afford  illustrations: — Xan- 
thoura  luxiLosa**  from  the  jRio  Grande  of  Texas  and  Northern 
Mexico,  has  the  lower  parts  deep  green,  while  the  same  species 
from  Guatemala  (var.  Gtiatemalensis^'f'f  is  pure  gamboge  yellow 

*  SaTOBNIS  NIOBIOANa 

7)/rafmtUa  nigricana  Swains.,  PhU.  Mag.,  1827,  i,  367. — Sayomis  n.  Bonap^ 
Gompt.  Bend.,  zxzviii,  657.— Baird,  B.  N.  A.,  1868, 183. ;  ScL,  Gat^  1862, 20a 
Bob,  California  and  Northern  Mezioo. 

f  SaTOBNIS  KIOBI0AH8  var.  AQUATICUB. 

Saycmia  aqwUicua  ScL  and  Saly.,  Ibis,  1869, 119  (Guatemala). 
Hab.  Gentral  America,  from  Southern  Mezioo  to  PanamiL 
X  Picus  YiLLOSUS  var.  HABBisn. 
FicuB  Harriani  Aud.,  Om.  Biog.,  v,  1839,  191,  pL  417.— Baird,  B.  N.  Am^ 

1868,  87. 
Bab.  Western  Province  of  N.  Am.,  and  south  into  Mezioo,  where  it  grades 
into  the  smaller  and  still  darker  var.  Jardini,  which  reaches  its  eztreme 
condition  in  Gosta  Rica. 
I  PioxTS  PUBESOENS  var.  Gaibdkxbl 
Picas  Oairdneri  Aud.,  Om.  Biog.,  v,  1839,  317.— Baird.,  B.  N.  Am.,  1868,  91. 
Bob,  Western  Province  of  N.  Am. 
Y  Sphtbopioub  vabius  var.  bubeb. 

Picas  ruber  GmeL,  S.  N.,  i,  1788,  429. — Sf^yrppicnta  ruber  Baiid,  B.  N.  Axil, 

1868,  104. 
Bab.  Pacific  Province  of  N.  Am. 
■^  Xanthouba  luxuosa  var.  LnxuosA. 

Oamdus  luxuosus  Lees.,  R.  Z.,  April,  1839,  100.    Jdnffumra  L  Bonap.,  Ooosm 

1850,  380.— Baird,  B.  N.  Am.,  1858,  589. 
Bab.  Mezico,  from  the  Rio  Grande  to  Isth.  Tehuantepec. 
ff  Xamthouba  luxuosa  var.  Guatemalenbis. 
Xanthoura  Qxtatemalentis  Bonap.,  Gonsp.,  p.  380. 
Bab.  Yucatan,  Ghiatemala  and  adjacent  portiona. 
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^eneatfa,  intervening  localities  producing  specimens  having  a 
aixture  of  green  and  yellow  below — either  color  predominat- 
Qg,  according  to  the  proximitj  to  the  region  of  the  extreme 

0  which  it  tends.  Specimens  of  Jfyiodioctes^ptisiUus*  from 
he  Pacific  coast  of  North  America  (var.  jnfeofato,+  Alaska  to 
Josta  Bica),  are  decidedly  richer  yellow  than  eastern  ones ; 
,nd  the  olive-green  above  inclines  more  to  yellow.  Speci- 
Qens  of  UelminHiophaga  celata  from  the  same  region  (var. 
uie8cens)jX  ^6  altogether  more  yellowish  than  eastern  ones. 
[*he  case  of  the  genus  0eothlypi8%  furnishes  another  striking 
txample  of  the  tropical  influence  upon  this  color^  and  also 
fiords  a  series  of  facts  which  lead  to  generali^tions  of  other 
dnds. 

The  following  synopsis — the  result  of  the  joint  investigations 
)y  Professor  Baird  and  myself,  and  modified  from  that  already 
n  print  in  our  forthcoming  work  upon  North  American  Birds, 
ihiefly  by  the  introduction  of  O.  speciosa  and  G.  semiflava,  the 
ypes  of  which,  being  in  London,  we  have  not  seen,  and  which, 
mtil  Mr.  Salvin's  notice  of  them,  had  not  been  suificiently  well 
:haracterized — will,  perhaps,  render  the  remarks  which  follow 
t  more  lucid : 

Synopsis  of  the  species  and  their  subordinate  races  of  the  genus 

Oeothlypis. 

Throat  jellow,  Series  I ;  Thn>at  ashy.  Series  IL 

Series  I. 

L  Black  ''  mask  '^  extending  backward  beneath  the  eye,  on  to  the 
auriculars.  Bill  slender,  the  cnlmen  nearly  straight  (as  in  Opor- 
omis). 

1.  G.  TRiCHAS.     Crown  whitish;  mazilke  black. 

Abdomen  almost  always  whitish;  occiput  russet-olive. 
Bill,  from  nostril,  '30;  tarsus,  '70;  wing,  2*26;  tail, 
2*15.    JBxxb,  Whole  of  the  United  States  in  summer;  in 

^  Myiodiootes  pusOiLnB  var.  PusUiLua 
Muacicapa  pusiUa  Wila,  Am.  Orn.,  iii,  103,  pL  26,  fig.  4. — Myiodiocka  puaiUus 

Bp.,  Oonsp.,  815.    Baird,  B.  N.  Am.,  1868,  393  (in  part). 
Bab,  Eastern  Provlnoe  and  Booky  Mts.  of  N.  Am. ;    eastern  middle  America 
in  winter, 
f  Mtiodioctes  pushiLus  var.  pileolata. 

MotaciOa  pHeoUxta  Pallas,  Z.  B.  As.,  i,  1831,  497. 
Myiodioctea  jmaUku  var.  pileolata  Bidgway. 
X  Helminthophaoa  oklata  yar.  lutbsobns. 
ffehrUnihopJMga  cekUa  var.  hUescena  Bidgwaj. 
[^    Eab.  Pacific  Coast,  from  kadiak  to  Cape  St.  Lucas, 
g  A  very  interesting  paper  upon  the  genus  OwQiJt\gpi»^  bj  Mr.  Salvin,  i^pears 

1  the  London  /&»,  for  April,  1871.  In  this  valuable  article  several  generaliza- 
ions  are  made,  and  theories  suggested,  which  we  maj  be  able  to  oorro^rate  bv  a 
9W  additional  facts  bearing  upon  the  relationship  of  the  several  species  ol  uiis 
onus  and  their  subordinate  forms. 

Am.  Joub.  Sol— Thihd  Sbribs,  Vol.  IV,  No.  M.— Dbo.,  1873. 

38 
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winter  loiith  tfaroiudi  middle  Amoriea  to  duiiqd,  mi, 
throughout  moet  of  the  Weit  India  Teland^ 

a.  IrMaiL* 
Abdomen ydlow ;  oodnat nuietmliTe.    BID,  *45;  tuni. 
-90;  wing,  2*50;  teil,  2*50.    JEEi&  TSfmmmia^  Uland  of 
New  ProvideiM)ey  Bahamas;  reeident 

Abdomen  bright  yellow;  ocoipiit  wfahuh  aeh,  tinged 
with  yellow.  BiH,  -82 ;  tairai,  *?5 ;  wing,  2*45 ;  tuL 
2*50.    Sab.  Eastern  Mezioo  (Xalapa  f).    y.mdan€pi,l 

2.  G.  SPBCIOSA.     Crown  blabk;   abdomm  ochraoeons;  bill 
wholly  blaolL    Wing,  2*40;  tail,  2*8a    Mai.  Bastm 

Mexioo.  0L  q>6cto9aA 

Abdomen  bright  yellow;  Inll  with  the  lower  mandibk 

yellowish.    JSloo.  Eooador.  ft.  mm^lawL[ 

8.  O.  ^QUiNOOTUua.    Crown  deep  ash ;  maTill»  yellow. 

Black  of  the  anrioalars  bordered  posteriorly  by  the  olive- 
green  of  the  nape.  Bfll,  *17  deep;  wug,  2*50;  tsil, 
2*85.  Mai.  Noreheastem  South  America  (Trinidad, 
Oniana,  Venesnela  and  New  G^ranada). 

a.  CB^iuinoeUaiu.^ 
Black  of  the  auricalare  bordered  posteriorly  by  the  tah 
of  the  crown. 

Forehead  narrowly  black.  Bill,  '14  deep ;  wing,  2*40; 
tail,  2*50.  Mai,  Soathem  South  America  (Brazil, 
Paraguay,  Buenos  Ayres,  etc.).  A  velata.** 

Forehead  broadly  black.    Mab.  ChiriquL 

y,  Chiriguensis,^ 
B.  Black  mask  not  extending  beneath  the  eye,  but  confined  to  the 
lores  and  a  narrow  frontlet.     Bill  thick,  the  culmen  curved 
(much  as  in  Gh'anaUUtis), 

*  GlOTm<TPI8  TBI0HA8  VBT.  TBIOHA& 

7\urdu$  trichaa  linn.,  8.  N.,  1766,  29Z,—€feomypi8  i,  Caban.,  Mob.  Hein.,  1860. 
16.— Baird,  B.  N.  Am.,  1868,  241 ;  Ber.  Am.  B.,  1864,  220. 

f  GlOTHLTPIS  TBI0HA8  Tar.  BOBTBATA. 

G«Mypi8  rottraku  Bryant,  Pr.  Bo6t  Soo.,  Oct,  1866,  67. 
t  Gbothltpis  tbiohas  var.  milakofs. 

OtoOiJbypia  mdanops  Baird,  Ber.  Am.  B.,  1866,  222. 

S  GlOTHLTPIS  8PB0I06A  YBT.  BPBOIOSA. 

Qw(htyp%8  apecioaa  Sd.,  P.  Z.  S.,  1868,  447.    (We  are  miable  to  deecrfbe  tiioe 
two  races  more  eza!cily,  since  we  have  not  been  able  to  see  speoimeDs; 
while  the  published  descriptions  are  lacking  in  sulBcient  detaQs.) 
I  GlOTHLTPIS  SPEOIOSA  var.  SnOFLAYA. 

GtoWypia  aemifla/vus  ScL,  P.  Z.  S.,  1860,  273,  291. 
%  GlOTHLTPIS  .aquiNOonALis  var.  jm)uinootialib. 
SlotaeiOa  CBqutnoeHaUa  Gm.,  S.  N.,  1788,  912,—Ch(4hiypi$  aq.  Oabn.,  Kin. 
Hein.,  i,  1860,  16.— Baird,  Ber.  Am.  B.,  1,  1866,  224. 
^*  GlOTHLTPIS  .aquiNOonALis  yar.  tklata. 

Sylvia  veUUa  VieiU.,  Ois.  Am.  Sept,  ii,  1807,  22,  pL  Izzir.— (7eoA%pfr  ^M^ 
Gaban.,  Mus.  Hein.,  i,  1860,  16.— Bfdrd,  Bev.  Am.  B.,  i,  1866,  228. 
ff  Geothltpis  .BQunrooTiALis  yar.  Chibiquixnbib. 

ChofhiypiB  cMnquiefma  Sahln.  Ibis,  April,  1872.    (No  measurements  ire  giT«i 
in  Mr.  Salvin's  description.) 
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4.  G.  POLiocEPHALA.    Crown  wholly  ash ;  maxillae  yellow. 

Eyelids  white;  nape  and  auricnlars  olive-green;  abdo- 
men whitish.  Bill,  '30-'15  deep;  wing,  2*20;  tail,  2*50. 
Hab.  Western  Mexico  (Mazatlan). 

a.  poliocephaUi.* 

Eyelids  black ;  nape  and  auricnlars  ashy ;  abdomen  wholly 
yellow.  Bill, -36, 'ISdee^;  wing,  2*40;  tail,  2*50.  Hob. 
Guatemala,  and  Costa  Rica.  ft,  caninucha.\ 

SbbobIL 

5.  G.  Philadelphia.     Head  and  neck  wholly  ashy. 

Eyelids  dusky;  lores  dusky,  not  in  strong  contrast 
with  the  ash;  black  centers  of  the  feathers  of  the 
sular  reffion  larger,  or  expanded,  posteriorly,  suf- 
nised  with  a  patch — sometimes  uniform — on  the  jugu- 
lum.  Tail,  2*05  to  2*15.  Hab.  Eastern  province  of 
North  America,  south  in  winter  (migrating  across  the 
Gulf  of  Mexico  and  Caribbean  Sea,  without  stopping 
by  the  way  I)  to  Costa  Rica,  Panama  and  Bogota. 

a,  Philaddphia.X 

Eyelids  pure  white;  lores  deep  black  in  strong  con- 
trast with  the  ash;  black  centers  of  the  feathers 
of  the  gular  and  jugular  region,  not  larger  pos- 
teriorly, and  showing  no  disposition  to  form  a  patch 
on  the  jugulum.  Tail  2*25  to  2*50.  (Female  oistin- 
guishable  only  by  longer  tail,  more  distinctly  white 
eyelids,  and  more  dusky  lores.)  Hab,  Western  prov- 
ince of  North  America,  from  British  Columbia  to 
Costa  Rica.  fi.  MacgiUivrayi.^ 

In  studying  closely  the  affinities  of  the  different  forms  ffiven 
in  the  above  synopsis,  one  of  the  mo9t  striking  facts  noticeable  is 
that  all  of  the  peculiarly  southern  species,  except  Q,  poliocephala, 
have  the  belly  wholly  yellow ;  while  the  most  northern  species 
{G.  tnckcLs),  with  the  belly  whitish  in  the  northern  form,  nas  it 
yellow  in  the  two  southern  ones ;  two  of  the  tropical  American 
species  have  also  the  belly  whitish  in  their  northern  ((7.  polio- 
cepJuda  and  (7.  speciosa)  and  yellow  in  their  southern  races  {G. 
poliocephdla^  var.  coninucha^  and  (?.  speciosa  var.  semijlava). 
These  facts  we  consider  as  evidences,  if  not  proofs,  of  a  tropical 

*  Obothltpis  pouooxphala  yar.  pouoobphala. 

Gwth^ipia  pcHocephaia  Baird,  Bev.  Am.  B.,  i,  1866,  226. 
f  Gbothltpib  pouookphala  var.  OAVDnroHA. 

OtoOdypia  poUoeephdla  var.  canvMuha  Ridgway. 

%  QWOTBLYVIB  PmiiADELPHIA  VBT.  PmLADKLPHIA. 

Syhfia  Phihddphia  WUson,  Am.  Om.,  ii,  1810,  101,  pL  idy.—CfeoOUi/pis 
FkikuL  Baird,  B.  N.  Am.,  1868,  226;  Rev.  Am.  B.,  1866,  226. 
§  Gmthltpis  Philadklphia  var.  llAoeiLLivaATL 

Syhna  MdcgiUivrayi  Aud.,  Cm.  Biog.,  v,  1839,  76,  ^  399. — CfeaOiJypiB  Mae. 
Baird,  B.  N.  Am.,  1868,  224,  pL  Izziz ;  Bev.  Am.  B.,  i,  1866,  22V. 
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influence,  whereby  yellow  is  extended  or  intengified  in  tntei- 
tropical  regions.  In  the  North  American  series  of  G.  thcJiai 
(of  which  there  are  over  one  hundred  and  fifty  specimeos  as 
the  Smithsonian  collection),  it  is  also  noticed  that  while  apeci- 
mens  from  the  Atlantic  States  hare,  almost  universally,  whitish 
bellies,  those  from  the  valley  of  the  Mississippi  (as  far  nortb  as 
Wisconsin),  where  the  climate  is  much  more  warm  and  humid 
than  that  of  the  Atlantic  coast  in  corresponding  latitudes,  as 
well  as  those  from  the  Gulf  States,  frequently  have  the  bellj 
wholly  yellow,  and  closely  approach  in  characters  also  llie 
Ucxicaa  race,  var.  melanops.  Middle  American  examples  of  var. 
trichas  are  precisely  like  those  from  the  United  States,  they 
being  merely  winter  visitants  to  the  south  from  the  latter  coun- 
try. The  var.  roetrata  we  can  only  consider  as  a  eigantic 
insular  race  of  the  common  species,  its  yellow  belly  being  due 
to  its  permanently  southern  habitat,  and  its  larger  size  to  be 
accounted  for  by  local  causes,  as  yet  unknown.  Specimens  of 
var.  friirAas  from  the  Pacific  coast  differ  from  eastern  ones  only 
in  longer  tails,*  and  in  having  a  more  yellowish  tinge  in  ibe 
olive-green  of  the  upper  parts ;  so  also  has  the  we.«tem  race  of 
0.  poliocephah.  a  longer  tail,  and  more  yellowish  cast  to  tbe 
upper  plumage,  than  its  eastern  form  (var.  couitiueha}.  While 
the  western  form  of  this  species  has  a  longer  tail  than  the  east- 
ern one,  and  white,  insteaa  of  dusky,  eyelids,  so  also  has  that 
of  0.  Philadelphia  (var.  Macgillivrayi).  In  the  case  of  Myiar- 
ehua  Lawrmcii,  before  alluded  to,  it  is  noticed  that  the  yellow 
of  the  abdomen  increases  in  richness,  just  at  the  same  rate  that 
the  blackish  of  the  pileum  does  in  intensity,  as  it  approaches  its 
most  southern  extreme. 

(Td  be  continued.] 


Art.  LVL — A  Theory  of  ifte  Formation  of  Hie  great  F'eatures  of 
the  Earth's  Surface;  by  Joseph  LbContk,  Pro£  Geo!  and 
NaL  Hist.  University  of  California. 

[OoDoluded.] 

As  already  stated,  every  other  theory  fails  to  account  for  the 


e  crushing  together  shown  by  o/ticatum  and  slati/ <^ih 
age.  Many  theories  take  cognizance  of  this  crusbing,  but  in  all 
it  is  a  subordinate  accompaniment  instead  of  the  cause  of  the 
elevation.  Let  us  examine  very  briefly  some  of  the  more  neceat 
theories,  and  show  their  inadequacy. 
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Pro£  Hall  undoubtedly  deserves  the  thanks  of  geologists  for 
Irst  strongly  drawing  attention  to  the  &ct  that  mountain  chains 
consist  essentially  of  immense  masses  of  sediments,  much 
.hicker,  indeed,  than  the  height  of  the  mountains  themselves. 
Eis  views  on  this  subject  form,  I  believe,  an  era  in  the  history 
)f  geological  science.  Nevertheless,  I  think  bis  theory  entirely 
'ails  to  explain  the  actual  process  by  which  mountain  chains 
lave  been  formed,  and  especially  to  account  for  the  immense 
lorizontal  crushing  and  plication  of  the  strata.  According  to 
Ealls  view,  as  explained  by  himself  and  by  Sterry  Hunt,*  the 
Appalachian  chain  has  been  formed  as  follows :  This  chain  con- 
jists  of  sediments  40,000  feet  thick,  which  thin  out  as  we  go 
vest,  until  at  the  Mississippi  river  they  are  only  4,000  feet 
We  may  regard  the  whole,  therefore,  as  originally  an  im- 
nense  convex  mass  of  submarine  sediment  By  slow  subsidence 
)f  this  convex  mass  the  upper  strata  were  sulnected  to  horizontal 
jqueezing  and  thereby  tnrown  into  folds.  Continental  upheaval 
exposed  the  still  somewhat  convex  mass  of  plicated  strata  as  a 
treat  plateau^  Subsequent  erosion  formed  the  ranges  and 
idges  with  their  intervening  valleys.  Thus  the  Appalachian 
jhain,  and,  in  feet,  mountain  chains  generally,  become  mere 
ragments  of  denuded  plateaus  upheaved  by  continental  eleva- 
ion  only.  This,  I  thiuK,  is  a  brief  but  fair  exposition  of  the 
heory. 

Now,  as  Whitneyt  and  Hunt,  and  Billings,  and  others  have 
ihown,  when  we  recollect  the  breadth  of  the  Appalachians  (at 
east  100  miles),  and  therefore  the  gentleness  of  the  supposed 
jonvex  curve,  the  amount  of  crushing  together  by  subsidence 
vould  be  inadequate  to  account  for  the  immense  plication. 
Jut  the  degree  of  inadequacy  is,  I  think,  scarcely  appreciated, 
^e  have  aJteady  said  that  slaty  cleavage  shows  in  many  cases 
L  crushing  of  2|  miles  into  1  mile.  To  produce  such  crushing 
)y  subsidence  aJone,  the  height  of  the  convex  mass  would  have 
o  be  greater  than  its  base.  Or  even  making  every  allowance 
or  the  fact  that  the  area  of  principal  plication  is  only  20  or  80 
niles  wide,  still  the  height  necessary  would  be  enormous. 

Besides,  it  is  certain  that  the  sedimentation  was  not  finished 
irst,  and  then  afterward  the  subsidence  occurred,  but  these  two 
)henomena  went  on  together  pari  passu ;  and,  therefore,  the 
urface  was  never  convex  at  all,  but  nearly  or  quite  horizontal 
lU  the  time.  Subsidence  under  such  circumstances  might  pro- 
luce  horizontal  tension  or  stretching  of  the  lower  strata,  out 
ould  not  produce  horizontal  crushing  and  plication  of  the 
ipper  strata. 

♦  "  Some  points  in  American  Geology,"  this  Jour.,  May,  1861. 
f  Whitney,  Mountain  Building,  p.  101.    Hunt,  American  Geology,  this  Jour., 
fay,  1861. 
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In  addition  to  this,  after  the  whole  of  the  Appalachian  sedi- 
ments had  been  deposited,  at  the  end  of  the  Paleozoic  era  and 
immediately  before  these  mountains  were  formed,  the  Appa- 
lachian region  was  nearly  or  quite  on  a  level  with  the  sea, 
being,  in  fact,  during  the  Coal  period,  alternately  a  coal  marsh 
and  an  estuary,  and  therefore  lower  than  the  regions  east  and 
west  of  itsdf.  The  mountain  formation  was  a  process  entirely 
distinct  from  and  subsequent  to  the  sedimentation  and  the  sub- 
sidence. The  whole  process  seems  to  have  been,  first,  an  im- 
mense sedimentation  and  subsidence  going  on  pari  passu  daring 
the  whole  Paleozoic  era ;  then,  at  the  end  of  that  era,  a  horizon- 
tal crushing  together  and  folding  of  the  strata,  and  an  up- 
swelling  of  the  whole  masa  Hall  and  Hunt  leave  the  sediments 
just  after  the  whole  preparation  has  been  made,  but  before  the 
actual  mountain  formation  has  taken  place ;  and,  therefore,  in 
the  language  of  Dana,  "  it  is  a  theory  of  mountains  with  the 
mountains  left  out" 

Whitney,*  in  his  admirable  essay  on  Mountain  Building,  if 
I  understand  him  aright,  thinks  plication  the  result  of  the  sub- 
sidence of  a  mountain  axis,  previously  elevated  by  other 
agency.     The  subsidence  of  such  an  elevated  axis  would  indeed 

Sroduce  powerful  horizontal  thrust,  and  might  therefore  pro- 
uce  some  plication.     But  why  suppose  a  previous  elevation  at 
all,  when  tne  horizontal  thrust  necessary,  by  his  own  view,  to 

Eroduce  the  elevation,  would  itself  proauce  the  plication  ?  Or 
ow  high  must  have  been  the  axis  to  have  produced  by  sub- 
sidence such  plication  as  we  often  find  !  Or  how  was  this  enor- 
mously elevated  mass  supported  ?  It  is  evident  that  the 
objection  to  Prof.  Whitney's  view  is  precisely  the  same  as 
to  Prof  Hall's. 

Mountain  chains  and  mountain  ranges  are  therefore,  I  think, 
beyond  question,  produced  by  horizontal  thrust  crushing 
together  tne  whole  rock  mass,  and  swelling  it  up  vertically ; 
the  horizontal  thrust  being  the  necessary  result  of  secular  con- 
traction of  the  interior  of  the  earth.  The  smaller  inequalities, 
such  as  ridges,  peaks,  gorges,  and,  in  fact,  nearly  all  that  con- 
stitutes scenery,  are  produced  by  subsequent  erosion. 

I  feel  considerable  confidence  in  the  substantial  truth  of  the 
foregoing  statement  of  the  mode  of  formation  of  mountain 
chains.  As  to  the  mode  of  formation  of  continents  and  sea  bot- 
toms, I  feel  less  confidence.  It  is  possible  that  even  these  may 
be  formed  by  a  similar  unequal  yielding  to  horizontal  thrust, 
and  a  similar  crushing  together  and  up-swelling.  If  so,  it 
would  be  necessary  to  suppose  the  amount  of  horizontal  yield- 
ing in  this  case  much  less,  but  the  depth  efiected  much  greater, 
than  in  the  case  of  mountain  chains.     But,  as  we  find  no  un- 

*  Mountain  Building,  Ac.,  p.  106. 
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nistakable  structural  evidence  of  such  crushing,  except  in  the 
jase  of  mountain  chains,  I  have  preferred  to  attribute  the  for- 
Qoation  of  continents  and  sea  bottoms  to  unequal  radial  con- 
traction. 

I  wish  next  to  show  that  this  theory  of  mountain  chains 
explains  in  a  satisfactory  manner  not  only  the  mountain  eleva- 
tion and  the  phenomenon  of  plication  and  slaty  cleavage,  but 
edso  all  the  mast  conspicuous  phenomena  of  mountain  chains  and 
of  igneous  agencies.  The  satis&ctory  explanation  of  these 
become,  of  course,  strong  evidence  of  the  truth  of  the  theory. 
The  further  development  of  the  theory  will  be  best  undertaken 
in  connection  with  the  explanation  oi  these  phenomena. 

(a.)  Thick  sediments  of  mountain  chains.  It  is  a  well-known 
fact,  first  brought  prominently  forward  by  Prof  Hall,  that 
mountain  chains  are  composed  of  enormous  masses  of  sediments. 
This  fact  forms  the  basis  of  HalFs  sedimentary  theory.  Prof. 
Whitney,*  it  is  true,  thinks  that  the  sedimentary  theorists  have 
mistaken  cause  for  effect, — that  thick  sediments  are  not  the 
cause  of  mountains,  but  mountain  chains  are  the  cause  of  thick 
sediments.  He  believes  that  a  granite  axis  upheaved  out  of 
the  sea  has  furnished  by  erosion  the  sediments  which  have  been 
deposited  on  their  flanks.  But  when  we  remember  the  immense 
thickness  of  these  sediments  and  their  extent,  and  the  com- 
parative narrowness  of  the  granite  axis  which  furnished  their 
materials,  we  may  well  ask  what  must  have  been  the  original 
altitude  of  this  granite  axis  I  It  seems  impossible  that  the 
nanite  axis  of  a  chain  should  have  furnished  oy  ita  erosion  the 
immense  mass  of  sediments  involved  in  the  structure  of  the 
whole  chain.  Not  only  so,  but  in  many  chains  the  strata  are 
Dot  only  found  on  the  flanks,  but  even  the  highest  peaks  are 
stratified.  And  not  only  so,  but  many  chains,  like  the  Appa- 
lachians and  the  Jura,  have  no  ^nite  axis  at  all  from  which 
to  obtain  their  sediments.  Whitney  regards  these  latter  as  ex- 
ceptions, and  as  always  comparatively  small  chains,  and  prob- 
ably formed  in  a  different  manner  fix)m  the  great  chains  with 
granite  axes.  My  own  belief  is  that  all,  smaller  and  greater, 
have  been  formea  in  a  similar  manner.  Mountain  sediments, 
I  believe,  are  not  the  d6bris  of  the  granite  axis  of  the  chain ; 
they  are  evidently  the  d6bris  of  continental  erosion.  Mountain 
chains^  strata,  granite  axis  and  all,  are  off-shore  deponts.  To 
state  the  proposition  more  definitely:  Mountain  chains  are 
formed  by  the  mashing  together  and  the  up-swelliitg  of  sea  bottoms 
where  immense  thickness  of  sediments  have  ojccumuUUed ;  and  as 
the  greatest  accumukUions  usually  take  place  off  Hie  shores  of  con- 
tinents, mountains  are  usually  formed  by  the  uppressing  of  mar- 
ginal sea  bottoms.     We  will  make  this  plainer  by  some  illus- 

*  Mountftin  Bmlding,  &a,  pp.  102  and  103. 
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tratioDs  taken  from  the  history  of  mountain  chains  in  Nortk 
America. 

Appalachians. — ^The  area  now  occupied  by  ihe  Araialaiehian 
chain  was,  daring  the  Silurian  and  Devonian  wes^  t&e  eoaieni 
fiMrgin  of  the  bed  of  the  great  interior  IkileoiK^  During  all  ihit 
time  the  whole  Paleozoic  sea,  but  especially  thiaea^fam  moi^M. 
received  sediments  from  a  continental  mass  to  the  northirara 
(the  Lauren  tian  area),  and  also  especially  from  a  eantmenkU  num 
to  the  eastward.  Besides  the  marks  of  shore  deposit  foand 
abundantly  in  the  Appalachian  strata,  other  evidences  are  daily 
accumulating  that  tne  area  to  the  east  of  the  Appalachian 
chain,  left  blank  in  the  geolcH^ical  map  of  the  Unitea  States  in 
Dana's  text  book — ^the  so-called  primary  or  gneissio  region  of 
the  Atlantic  slope — ^is  Laurentian,  and  therefore  was  probaUy 
land  during  the  raleozoic  times.  The  size  of  this  eastern  oonU? 
nental  mass  it  is  impossible  for  us  now  to  know,  as  it  has  been 
partly  covered  by  later  deposits,  and  perhaps  even  partly  cov- 
ered Dv  the  sea ;  but,  judging  from  tne  quantity  or  sediments 
carriea  into  the  Paleozoic  sea.  and  especially  from  the  thick- 
ness of  the  sediments  (80,000  feet)  along  its  eastern  margin, 
derived  probably  wholly  from  this  source,  it  must  have  been 
veiT  large. 

At  the  end  of  the  Devonian  age,  much  of  the  middle  portion 
of  the  interior  Paleozoic  sea  was  upheaved  and  became  land 
(see  Dana's  map.  Manual,  p.  183) ;  and  the  Appalachian  area 
now  became  alternately  a  coal  marsh  and  an  estuary  emptying 
into  the  sea  southward  Into  this  estuary  or  marsh,  during  the 
whole  Coal  period,  sediments  were  brought  from  land  north, 
east,  and  west,  until  10,000  feet  more  had  been  deposited 
During  the  whole  of  this  time  (Paleozoic  era),  while  the  40,000 
feet  of  sediments  were  depositing,  this  area — whether  sea- 
margin  bottom,  or  estuary  bottom,  or  coal  marsh — slowly  sub- 
sided, so  that  nearly  the  same  level  was  maintained.  It  was 
either  shallow  water  or  marsh  all  the  time.  This  is  cert-ain  for 
the  Coal  period,  and  almost  equally  certain  for  the  previous 
periods.  Moreover,  it  seems  to  be  a  general  law  throughout 
the  whole  geological  history  of  the  earth,  that  areas  of  great 
sedimentation  have  been  also  areas  of  subsidence  pari  pansu. 
The  same  seems  to  be  true  now.  Nearly  all  great  river-deltas 
are  slowly  subsiding.  In  fact,  in  all  shallow  water  deposits, 
and  therefore  in  all  shore  deposits,  the  accumulation  would 
soon  cease,  and  therefore  never  become  thick,  but  for  the  sub- 
sidence which  constantly  renews  the  conditions  of  deposit 
The  subsidence  of  the  Appalachian  area,  therefore,  must  have 
been  40,000  feet  vertical 

During  the  Coal  period,  therefore,  the  Appalachian  region 
was  still  nearly  on  a  level  with  the  sea.     So  far  from  being  a 
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jonvex  plateau,  it  was  a  north-east  and  south-west  trough.  So 
ar  from  being  a  mountain  chain,  it  was  evidently  lower  than 
.be  regions  east  and  west  of  itself  At  the  end  of  this  period 
)ccurred  the  Appalachian  revolution.  The  great  mass  of  sedi- 
nents  which  had  been  accumulating  for  so  many  ages^  with  their 
Included  seam^  ofcoal^  yielded  to  the  horizontal  thrust^  was  crushed 
»gether,  and  folded  and  swelled  upward  to  a  height  propor- 
donate  to  the  horizontal  crushing.  Thus  was  the  Appalachian 
brmed — subsequent  denudation  has  made  it  what  it  now  is. 
[t  is  probable  that  in  the  process  of  the  up-pushing  of  the 
3hain  (or  possibly  at  a  later  time)  the  eastern  continental  mass 
^as  diminished  by  subsidence.    . 

Sierras. — We  have  good  reason  to  believe  that,  at  least  some 
x>rtion  of  the  area  now  occupied  by  the  Eocky  Mountains  was 
Iry  land  even  during  the  Paleozoic  era.  To  what  extent  or 
^hat  height  we  do  not  know.  I  shall  say  nothing  of  the  form- 
ition  of  this  the  oldest  portion  of  the  North  American  Cor- 
iilleras,  as  the  history  of  its  formation  is  little  known.  I  will 
commence  with  a  considerable  body  of  land  which  certainly 
existed  in  this  region  at  the  beginning  of  the  Mesozoic  era. 
flow,  during  the  whole  Triassic  and  Jurassic  periods,  the  region 
%(yw  occupied  hy  the  Sierras  was  a  marginal  sea  bottom,  receiving 
ibundant  sediment  from  a  continental  mass  to  the  east  At  the  end 
)f  the  Jurassic,  this  line  of  enormously  thick  oflf-shore  depos- 
ts  yielded  to  the  horizontal  thrust,  and  the  sediments  were 
jrushed  together  and  swelled  upward  into  the  Sierra  range. 
A.11  the  riages,  peaks,  and  cafions — all  that  constitutes  the 
prand  scenery  of  these  mountains — has  been  the  result  of  an 
dmost  inconceivable  subsequent  erosion. 

Coast  range, — The  up-squeezing  of  the  Sierra  range,  of  course, 
-ransferred  the  coast  line  farther  westward,  and  the  region  now 
)ccupied  by  the  coast  range  became  the  marginal  sea  bottom. 
This  in  its  turn  received  abundant  sediments  from  the  now 
preatly  enlarged  continent  until  the  end  of  the  Miocene,  and 
hen  it  also  yielded  in  a  similar  manner  and  formed  the  coast 
tmga 

Thus  I  think  it  quite  certain  that  the  places  now  occupied  by 
noun  tain  chains  have  been  always  previous  to  their  formation 
)lace8  of  great  sedimentary  deposit,  and  therefore  most  usually 
narginal  sea  bottoms,  since  this  is  the  most  usual  place  for 
preat  deposits.  In  some  cases,  however,  probably  in  many 
tases,  the  deposits  in  interior  seas  or  mediterraneans  hav^  yiflded  in 
\  sirnilar  manner,  giving  rise  to  more  irregular  chains  or  groups  of 
nountains.  This  may  have  been  the  case  with  some  of  the 
nore  irregular  mountains  of  Europe. 

(b.)  Position  of  mountains  alang  the  margins  of  continents, — 
Che  view  that  mountain  chains  are  the  up-squeezed  sediments 
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of  marginal  sea  bottoms  completely  explains  the  well-known 
law  of  continental  form,  yiz.,  tnat  oontinents  oonmst  c^  interior 
basins  with  coast  chain  rtm^  In  fact,  the  theoiy  neoenitatoB 
tiiis  as  a  general  form  of  continents,  bat  at  the  same  time  pre- 
pares us  for  exceptions  in  cases  of  moantains  formed  fiom 
mediterranean  sediments.  The  view  is  best  illustnted  from  the 
American  continent, .  because  of  the  r^galar  manner  in  which 
this  continent  has  been  developjed.  Nearly  all  geoloffioal  prob- 
lems seem  to  be  reduced  to  their  simplest  terms,  ana  therefine 
are  most  easily  studied  and  understood  in  America. 

Prof.  Dana,  in  a  paper  on  *'  the  plan  of  development  of  the 
American  continent,  *  brings  out  some  grand  views  on  the 
relation  of  the  heights  of  coast  chains  and  their  position,  to  the 
size  and  depth  of  we  oceans  which  they  overlook.  From  these 
formal  laws,  and  proceedinj^  on  the  hvpothesis  of  a  fluid  in- 
terior, he  concludes  that  sinking  sea  bottoms,  determined  bj 
interior  contraction,  is  the  force  bjr  which  continents  are 
elevated.  According  to  him,  the  sinking  sea  bottoms,  together 
with  the  lateral  thrust  produced  by  interior  contraction,  push 
up  the  continents,  at  the  same  time  crumpling  up  their  margins 
into  mountain  chains.  Such  a  process  might  certainly  account 
for  coast  chains,  for  their  position  at  riffht  angles  to  the 
greatest  expanse  of  ocean,  ana  for  their  heignts  and  cnimplings 
being  in  proportion  to  the  size  and  depth  of  the  contiguous 
oceans ;  but  the  mechanics  of  the  process  is,  it  seems  to  me, 
untenable.  For  observe :  this  subsidence  cannot  be  gravitative 
subsidence ;  for  this  could  not  raise  continents.  It  is  evidently 
a  concave  bending  of  the  sub-oceanic  earth-crust  pressing  on  the 
liquid  interior,  and  through  it  pushing  up  the  continental  crust 
Now  I  have  already  shown  that  no  stiffness  of  crust — not  even 
if  the  crust  were  several  hundred  miles  thick— could  stand 
such  strain  over  such  immense  areas.  While  I  admire,  there- 
fore, the  formal  laws  of  Prof  Dana,  I  cannot  accept  his  physical 
explanation. 

(c.)  Parallel  ranges. — Whitney,  in  his  essay  on  Mountain 
Building,  already  referred  to,  has  drawn  attention  to  the  fact 
that  the  celebrated  law  of  Elie  de  Beaumont,  that  parallel 
ranges  of  mountains  are  of  the  same  age,  so  far  from  being  true 
is  nearly  the  opposite  of  the  truth.  Farallel  ranges,  at  least 
of  the  same  great  system,  are  nearly  always  successivelv 
formed ;  and  I  would  add  successively  formed  coastwarcL  Efe 
illustrates  this  by  reference  to  the  three  great  ranges  of  the 
North  American  Cordilleras,  viz.,  the  Rocky  Mountains,  the 
Sierras,  and  the  Coast  range — and  by  the  several  ranges  form- 
ing the  South  American  Andes.  The  theory  I  have  presented 
at  once  explains  this  fact,  and  erects  it  into  a  law.  It  is  a 
necessary  result  of  the  theory. 
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In  this  connection,  I  will  throw  out  a  suggestion.  Attention 
as  been  often  directed  to  the  truly  wonderful  submarine 
dges  and  hollows  brought  to  light  by  the  U.  S.  Coast  Survey, 
I  occurring  in  the  course  of  the  Gulf  stream,  and  extending  all 
long  the  coast  from  the  point  of  Florida  to  the  coast  of 
Few  England.*  These  ridges  are  truly  submarine  mountain 
inges  running  parallel  with  the  coast,  and  to  the  Appalachian. 

-— =- Sh 


Fig.  7  is  a  rude  section  diagram  illustrating  the  submarine 
>nfiguration.  Commencing  at  Charleston,  C,  the  sea-bed 
opes  very  gradually,  so  that  at  the  distance  of  60  miles  (a)  it 
ttains  the  depth  of  only  20  fathom&  From  this  point  it  slopes 
ery  abruptly,  so  that  it  quickly  attains  unfathomable  depth 
»).  At  tne  distance  of  100  miles  from  shore,  at  the  depth  of 
30  fathoms,  is  found  a  ridge  (c)  rising  from  unfathomable 
spth  on  the  coastward  side,  and  1,500  feet  above  the  hollow 
^  on  the  seaward  side.  At  the  additional  distance  of  20 
iiles  is  another  ridge  {e)  500  feet  high,  followed  by  another 
dIIow  (/)  from  which  the  bottom  rises  gently.  The  Gulf 
tream  is  parted  into  three  streams  by  these  two  ndges.  I  once 
l856)  threw  out  the  suggestion  that  these  ridges  might  be 
>rmed  by  sedimentary  deposit  from  the  Gulf  Stream  itself. 

now  throw  out  another,  and  perhaps  a  more  probable 
iggestion,  in  connection  with  the  theory  now  under  con- 
aeration.  May  not  these  wonderful  ridges  and  hollows  be 
arallel  ranges  of  mountains  now  in  the  course  of  /ormcUion  by 
le  process  described  ?  Or  else  they  may  be  ranges  formed 
mg  ago  on  ihe  Atlantic  border  of  the  old  eastern  continental  area, 
I  the  Appalachian  was  formed  on  the  interior  basin  margin  of 
le  same  area  In  this  case,  we  may  suppose  they  have 
ecorae  submerged  in  the  partial  subsidence  of^  this  continental 
rea  which  subsequently  took  place. 

(d.)  Melamorphism  of  mountain  chains. — From  the  evidence 
lus  far  brought  forward,  I  think  it  almost  certain  that  moun- 
kin  chains  are  formed  by  the  squeezing  together  and  up- 
veiling  of  lines  of  oflF-shore  deposit  But  the  question 
EituralTy  arises :  Why  does  ihe  yielding  to  horizontal  pressure  take 
lare  along  these  lines  in  preference  to  any  other  f  I  believe  that 
le  answer  to  this  question  is  to  be  found  in  the  recent  views 

*  Prof.  Baohe,  Proa  Am.  Aasoa,  1854,  p.  liO. 
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(e.)  Fissures  and  slips, — The  enormous  foldings  of  the  strata 
which  must  occur  in  the  formation  of  mountain  chains  by 
lateral  thrust  would,  of  necessity,  produce  fractures  at  right 
angles  to  the  direction  of  thrust,  or  parallel  to  the  folds,  i*.  cl, 
to  the  ranga  The  walls  of  such  Assures  would  often  slip  by 
renHjvsimerii  by  the  force  of  gravity  ;  or  else  might  be  pushed  one 
over  the  other  by  the  sheer  force  of  the  horizontal  tfirust^  The  first 
case  would  give  rise  to  those  slips  in  which  the  foot  wall  has 
gone  up  and  the  hanging  wall  down,  which  are  by  far  the  most 
common  slips  in  gently  folded  strata.  The  latter  would  give 
rise  to  those  slips,  often  found  in  strongly  folded  strata,  as  in  the 
Appalachian,  in  which  the  hanging  wall  has  been  pushed 
upward.  The  sudden  rupture  of  the  earth's  crust,  under  the 
accumulating  forces  tending  to  bend  it,  sufficiently  account  for 
the  phenomena  of  earthquakes, 

(f.)  Fissure  eruptions. — The  theory  may,  with  much  prob- 
ability, be  pushed  so  as  to  include  volcanic  phenomena  also. 
There  can  be  no  doubt  that  the  liquid  and  semi-lic[uid  matters 
ejected  by  volcanoes  vary  in  temperature  and  in  kmd  of  fusion 
in  every  degree  from  hot  volcanic  mud,  through  all  stages  of 
aqueo-igneous  fusion,  to  pure  or  almost  pure  igneous  fusion. 
Perhaps  aU  the  stages  of  aqueo-igneous  fusion  may  be  accounted 
for  by  the  invasion  of  sediments  and  their  included  waters  by 
die  interior  heat  of  the  earth,  as  already  explained.  But  the 
enormous  temperatures  often  found  in  lavas  cannot  thus  be 
accounted  for.  But  it  seems  not  unlikely,  nay,  even  almost 
certain,  that  the  invasion  of  sediments  by  interior  heat  would 
induce  slow  chemical  action,  which  might  increase  the  heat  to 
almost  any  extent,  so  as  even  to  produce  true  igneous  fusion. 
If  these  views  be  correct,  then  beneath  every  great  line  of  sedi- 
ments, such  as  the  oflF-shore  d6bris  of  a  continent,  there  exists 
a  mass  of  partially  or  completely  fused  matter.  When  the  line 
of  sediment  yielas,  and  the  strata  are  folded  and  fissured,  the 
underlying  fused  mass  is  squeezed  into  the  fissures  to  form 
dykes,  or  through  the  fissures  and  outpoured  upon  the  sur&ce 
as  pesX  fissure  eruptions^  which  sometimes  form  the  great  mass 
of  mountain  chains. 

(O.)  Volcanoes, — There  can  be  no  doubt,  I  think,  that  the 
foanaation  of  a  true  scientific  geology  was  first  laid  by  Lyell, 
in  the  study  of  "  Causes  now  in  operation."  Nevertheless,  the 
assimilation  of  agencies  in  previous  geological  times  to  those  now 
in  operation  may  be  carried  too  far.  As  an  example  of  this, 
I  would  mention  the  tendency  among  the  most  careful 
seologists  to  make  our  present  volcanoes  the  type  of  all 
Igneous  ejections  in  all  times.  But  I  think  no  one  who  has 
examined  the  so-called  volcanic  rocks  on  this  coast,  both  in 
the  Sierras  and  in  the  Coast  chain,  but  especially  in  the  former, 
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can  for  a  moment  imagine  that  these  immense  floods  of  ]&'n 
have  issued  !rom  craters.  The  lava  floods  of  the  Sierra  and 
Cascade  ranges  are,  it  seerafi  to  me,  among  the  most  extn- 
ordinary  in  the  world.  Commencing  in  middle  California  u 
immense  but  separate  lava  streams,  in  northern  California  it 
becomes  an  almost  universal  flood  several  hundred  feet  thick; 
in  Oregon  the  flood  becomes  universal,  and  at  least  2,000  feci 
thick,  and  this  continues  through  Washington  Territory  and 
into  British  Columbia,  how  far  I  know  not  Aa  area  700  to 
800  miles  long  and  80  to  100  miles  wide  seems  to  be  almoat 
universally  covered  with  lava,  and  the  thickest  part  where  it  is 
out  through  by  the  Columbia  river  is  not  less  than  2,000  to 
8,000  feet  thick.  Over  this  immense  area  are  scattered  a  dozen 
or  more  extinct  volcanoes — mere  pimples  on  ita  surface.  It  is 
simply  incredible  that  all  this  lava  has  flowed  from  these  vol- 
canoes. There  is  no  proportion  between  the  cause  and  the 
effect  I  am  compelled  to  adopt  the  view  of  Richthofen*  and 
of  Whitney,  tbat  such  great  masses  of  lava,  often  constitutiD^ 
as  it  does  in  this  case,  the  chief  bulk  of  mountain  chains,  have 
come,  "Ol  from,  crater  eruptions,  but  from  fissure  fruptions, — and 
that  volcanoes  are  only  .aeoondary  phenomena  product?d  by  the 
access  of  meteoric  water  to  the  still  hot  interior  portions  <k 
these  great  fissure  eruptions.  Thus,  as  monticules  are  parasitea 
on  volcanoes,  so  are  volcanoes  parasites  on  massive  eruption^ 
and  massive  eruptions  themselves  parasites  on  an  interim 
fluid  mass.  This  interior  fluid  mass,  however,  accordii^  to 
Bichthofen  and  Whitney,  is  the  supposed  univtrtal  inearuiaeaA 
liquid  interior,  while  I  believe  it  is  the  sub-mountain  reaertHV 
locally  formed  as  above  eaplained. 

By  this  theory,  as  by  every  other  Aeory  of  mountain  for 
mation,  it  ia  necessary  to  suppose  that  there  have  been  in  tbs 
history  of  the  earth  periods  of  comparative  guieL  during  which 
the  forces  of  change  were  gathering,  and  periods  of  rtmAvH/m- 
ary  change — periods  of  gradually  increasing  horizontal  preflson^ 
and  periods  of  yielding  and  consequent  mountain  formatitML 
These  latter  would  be  also  periods  of  great  fiasore-eniptiona, 
and  these,  during  the  more  quiet  subsequent  period,  would  ba 
followed  by  volcanoes  gradually  decreaaiug  in  activity.  The 
laat  of  these  great  fissure-eruption  periods  on  this  ooast  was  the 
PoBt-tertiaiy.  The  great  lava  flood  which  forms  the  Cascade 
lange,  where  it  is  cut  through  by  the  Columbia  river  and  ita 
tributaries,  ia  every  where  underlaia  by  the  norAem  boulder  dr^f 
Since  that  time  we  have  been  in  what  might  be  called  a  crater 
eruption  period,  which  wa«  once  extremely  active  but  has  grad- 
ually  decreased,  until  now  only  geyseis  and  sol&taroe  remain. 

•  Bichthofen,  'Satanl  BrsUn  of  YOemtio  Bock* ;    Itancdn  of  0^  And. 
Soina*,  YoL  1,  part  Id. 
i  T  htrpfi  nnti  Vi  gl-rn  Bin  ffrHwini  nf  thii  In  >  ■tpirln  nnnwinnhiwHiii 
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I  confess  I  do  not  see  how  either  volcanoes  or  massive  erup- 
Lons  can  be  account^  for,  except  by  the  mode  now  explained. 
i  is  now,  I  think,  generally  conceded  that  lavas  and  other 
gneouB  ejections,  at  the  time  of  their  ejection,  were  in  most 
isses  only  in  a  state  of  aqueo-igneous  fusion,  and  therefore, 
»nnot  be  regarded  as  evidences  of  the  interior  liquid.  It  must 
Jso  be  conceded  that  the  focus  of  earthquakes  and  volcnnoes 
ire  too  superficial  to  have  any  immediate  connection  with  an 
nterior  liquid,  supposing  such  to  exist  Volcanoes  therefore 
nust  have  their  origin  either  in  locally  formed  accumulations 
>f  liquid,  as  maintained  in  this  paper,  or  else  in  local  extensions 
>f  the  general  interior  liquid,  partially  or  entirely  isolated 
pirithin  l£e  solid  crust 

In  regard  to  fissure-eruptions,  nothing  but  general  contraction 
ind  a  squeezing  out  of  liquid  matter  can  account  for  them. 
Wliitney*  thinks  this  saueezing  out  the  result  of  subsidence 
^f  areas  on  either  side  ot  the  mountain  chain.  I  confess  I  do 
act  understand  the  mechanics  of  this.  Of  course  it  could  not 
be  subsidence  by  weight,  for  this  is  inconsistent  with  the  princi- 
ples of  hydrostatic  pressura  It  could  only  be  by  a  concave 
Dfflidinff  of  a  stiff  crust  pressing  on  a  fluid  interior ;  but  this 
3ver  a  laige  area  is  impossible,  for  the  reasons  already  given  in 
the  early  portion  of  this  paper.  Besides,  pressure  on  a  general 
interior  liquid  would  be  propagated  equallv  to  every  portion  of 
the  interior  surface  of  tne  solid  crust,  wnich  would  therefore 
yield  not  necessarily  in  a  contiguous  part,  but  at  the  weakest 
point  wherever  that  may  be.  La  fact,  if  we  admit  the  interior 
Bnidity  of  the  earth,  the  mechanics  of  igneous  agencies  is  sur- 
rounded with  insuperable  difficulties  on  every  side.  The  more 
we  try  to  arrive  at  clearness  the  more  the  difficulties  seem  to 
accumulate. 

The  theory  which  I  have  just  presented  accounts,  it  seems  to 
me,  for  all  the  principal  fSetcts  associated  in  mountain  chaina 
This  is  the  true  test  of  its  general  truth.  It  explains  satisfac- 
torily the  following  facts.  1.  The  most  usual  position  of  moun- 
tain chains  near  continental  coasts.  2.  When  there  are  several 
ranges  belonging  to  one  system,  the  ranges  have  usually  been 
formed  successively  cqast-ward.  S.  Mountain  chains  are  masses 
of  immensely  thicK  sediments.  4  The  strata  of  which  moun- 
tains are  comjkMed  are  strongly  folded,  and  where  the  materials 
are  suitable,  affected  with  slaty  cleavage ;  both  the  folds  and 
the  cleavage  planes  being  usually  parallel  to  the  mountain 
chain.  6.  The  strata  of  mountain  cnains  are  usually  affected 
with  metamorphism,  which  is  great  in  proportion  to  the  height 
of  the  mountains  and  the  co^iplexity  of  the  foldings.     6.  Great 

«  Mountein  buflding,  eto.,  p.  80. 
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fiasure-eniptdonB  and  volcanoes  are  neoallj  aaaociated  wiA 
mountain  chains.  7.  Many  other  phenomena — such  as  fisBiin^ 
slips,  earthquakes,  and  the  subsidence  prooeding  the  elevation 
of  mountains,  it  equally  accounts  for. 

It  will  be  remarked  that  the  theory,  thoiu^h  in  its  genoal 
features,  not  dependent  upon,  yet  strongly  IncIineB  toward  and 
is  powerfolly  supported  by,  the  views  (nltoBei  Biaeho^  Hunt 
and  others  as  to  tne  metamorphic  origin  of  granite  and  even  of 
igneous  rocks ;  the  view  tluit  sur&ce  materialB  have  JMused 
by  perpetually  repeated  cycles,  through  all  the  stages  or  rocki 
and  sous ;  igneous  rocks  disint»|prated  to  soils,  carried  away  imd 
deposited  as  sediments,  consolidated  into  stratified  roeks,  meti- 
morphosed  into  gneiss,  granite  or  even  into  lavas,  to  be  agsia 
after  eruption  reconverted  into  soils  and  re-conmienoe  tlie  suns 
eternal  round ;  and  thus  we  look  in  vain  for  the  arigif^al  fno- 
ferial    I  confess  I  lean  strongly  to  this  view. 

I  am  fully  aware  that  there  are  some  phenomena  of  move- 
ment of  the  earth's  crust  which  are  not  explained  by  tbe  fine- 
going  theory.  I  refer  especially  to  those  great  and  wide-spread 
oscillations  which  have  marked  the  great  divisions  of  lime,  and 
have  left  their  impress  in  the  general  unconformability  of  the 
strata.  The  last  of  these  great  oscillations  took  place  during 
the  Post-tertiary  period.  I  cannot  explain  these  oscil]ation& 
I  am  also  painmlly  aware  that  the  theory  just  presented,  rests 
upon  an  insufficient  knowledge  of  the  structure  of  the  earth 
It  is  possible  that  the  state  of  Knowledge  is  not  yet  such  as  to 
warrant  any  attempt  at  a  general  theory.  I  feel  quite  sure  that 
a  perfect  or  even  a  satisfactory  theory  is  not  yet  possible.  I 
can  only  hope  therefore  that  the  theory  here  brougnt  out  may 
at  least  look  in  the  right  direction  and  will  therefore  serve  as 
some  guide  in  further  investigation ;  that  amid  the  modifica- 
tions which  theoretic  geology  must  undergo  in  the  advance  of 
knowledge,  some  remnants  of  its  outline  will  still  remain  visi- 
ble. In  any  case,  even  if  entirely  wrong,  it  is  at  least  a  little 
more  definite  than  anything  we  have.  It  is  at  least  something 
tangible  which  may  be  attacked  and  overthrown  by  facts  and 
by  physical  reasonmg.  We  have  had  enough  of  vague  theoriz- 
ing in  geology  ;  of  vague  shadows  through  which  the  trenchant 
sword  of  science  passes  with  no  eflFect  It  is  time  that  the  more 
perfect  methods  of  physics  were  applied  to  geology. 

Oakland,  OaL,  May  16,  18*72. 
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L — On  a  crystal  of  AndalusiU,  Jrom  Delaware  Co.,  Pa.; 
by  Edwabd  S.  Dana. 

aexed  figures  represent  a  remarkable  ciystal  of  anda- 
Q  Upper  Providence,  Delaware  Co.,  Penn.,  received 
or  Dana  from  Dr.  George  Smith,  and  now  in  the  Yale 
ibineL  Figure  1  shows  the  oryetal  (natural  size)  with 
as  actually  i  3_ 
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its  theoretical  form,  with  all  the  planes  as  they  would 
jcpur.  I^  I  gave  88°  15'  (that  is,  91°  45^,  and  0  on 
iiagonal  section  the  angle  98°  to  94°  ;  this  obliquity, 
s  not  in  the  right  direction  to  explain  the  partial 

kindness  of  Mr.  Vaui  and  Mr.  Joseph  Willoox  of 
lia,  I  was  enabled  to  examine  other  fine  specimens 
iame  locally.  The  number  of  planes  occurring  on 
tals  (one  of  which  weighed  more  than  7  lbs.),  was 

there  was  nothing  in  their  manner  of  occurrence  to 
at  the  peculiarity  of  the  crystal  figured  was  anything 
an  accidental  irregularity.  In  all  of  these  speci- 
e  was  a  great  diversity  in  the  prismatic  angle,  and 
n  the  angle  of  0  upon  the  diagonal  sections  was  very 

should  also  be  added  in  regard  to  the  cleavage  in  the 
from  Delaware  Co.  In  most  cases  it  was  irregular, 
ie  crystals  haying  a  fibrous,  tremolitic  structure,  and 
t  was  radiated.  The  regular  cleavage  parallel  to  the 
faces,  however,  did  occur,  and  a  chemical  analysis  of 

the  specimens  is  needed  to  determine  whether  in  the 
e  any  change  in  constitution  had  taken  place. 
Sol— Third  Ssaiu,  Vol.  tV,  No.  34.— Dm.,  ISlSi 
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Abt.  LVin. — Spectrum  of  Lightning ;  byEDWAHDS.  HoLDzs, 
Lieut  of  Engineeni,  U.  S.  Military  Academy,  West  Point 

I  DESIRE  to  communicate  to  you  a  few  obserrations  on  tie 
Bpectrum  of  lightning,  which  I  couJd  wish  to  be  more  complete, 
The  inatrument  waa  a  pocket  spectroscope  of  Hawkins  &  Walei 
The  first  set  was  made  iu  Philadelphia  shortly  after  sunset,  on 
the  evenings  of  August  13,  14,  and  15,  1872.  There  was  i 
continuous  play  of  sheet  lightning  and  frequent  vivid  flashes. 

In  the  sheet  lightning  and  in  the  fainter  flashes  the  green 
and  blue  portions  of  the  spectrum  were  visible,  the  violet  and 
red  cut  off;  in  the  brighter  flashes  a  complete  and  continuous 
spectrum  appeared  and  superposed  on  it  bright  lines.  The  red 
end  of  this  spectrum  (of  vivid  flashes)  seemed  to  be  shorter 
than  that  of  the  spectrum  of  a  common  gas-jet  tumeid  down 
low,  with  which  it  was  constantly  and  almost  instaataneou^y  ■ 
compared,  without  moving  from  the  place  of  observatioa  ■ 

From  the  sheet   lightning  I  repeatedly  obtained  series  of  I 
bright  bands  in  the  green,  but  the  width  and  intensity  of  these  " 
bright  bands  continiuilly  changed.     Of  the  bright  and  shaq) 
lines  I  saw  but  three : — 1,  line  in  green  ;  2,  line  in  blue;  3,  line 
in  violet  (or  extreme  blue?). 

These  were  seen  frequently,  and  sometimes  thoee  of  one  flarii 
would  be  immediately  succeeded  by  those  of  the  following 
flash,  thus  giving  me  a  means  of  assuring  myself  that  the  tame 
lines  appeared  as  well  in  poaitum  as  in  color. 

The  second  set  I  regard  as  trustworthy.  The  observations 
were  taken  at  West  Point,  N.  Y.,  August  22d,  1872,  at  6.00  P.M.,  , 
looking  toward  the  east  through  a  violent  rain.  The  spectro- 
scope was  first  directed  toward  the  sky  and  the  spectrum  with 
Abis  lines,  which  was  constantly  seen,  was  mapped  as  below, 
and  the  following  notes  taken : 

Qre«.  BM.         Ab(s>— Tha  nd  eod*  dl^illr 

^noltt-         -      ■      ■  bsTond  1. 

3  =  DllDe, 

3  bounds  yallow  line. 

r  bounduj  at  gnta. 


The  spectroscope  was  then  turned  to  the  lightning,  and  witb 
ihe  above  dark  lines  as  reference  lines  the  following  bright 
lines  were  mapped :  (a)  bright  line  leas  refrangible  than  red  end 
(border)  of  spectrum,  I  e,,  extra  red;  (b)  bnght  line  slightly 
more  refrangible  than  4  (see  fig.) ;  (c)  bright  line  near  6  or  6 
(fig.)  "  green  <t  blue"  ;  (d)  bright  Une  in  blue  between  6  and  7, 
once  seen,  bright  purple. 
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The  green  portion  seemed  to  have  variable  limits  and  to  be 
disproportionately  bright,  but  no  green  bands  were  seen.  In 
my  note  book  I  have  marked  (a)  (6)  and  (c)  "  sure  of." 

U.  a  MiL  Acad.,  West  Point,  N.  Y.,  Oct  9, 1872. 


Xeiter  from  Dr.  B.  A.  Gould,  Director  of  the  Observdory  at 
Vordoba,  to  the  Editors^  dated  Cordoba,  Sept.  4,  1872. 

Scarcely  a  mail  has  gone  out  homeward  for  many  months  with- 
out my  having  experienced  a  strong  desire  to  tell  you  of  our 
progress,  yet  Ihave  allowed  sixteen  months  to  pass,  rather  than 
repeat  the  old  story  of  obstacles  and  delays;  for,  although  we 
have  all  worked  to  the  utmost  of  our  power,  this  interval  has 
served  to  show  how  erroneous  were  my  estimates  of  what  could 
be  accomplished  within  a  given  interval,  in  a  new  country  and  at 
a  distance  from  those  facilities  to  ifirhich  we  are  so  thoroughly 
accustomed  at  home  that  it  is  difficult  to  feel  how  indispensable 
they  are,  or  to  make  allowance  for  their  entire  absence.  And 
while  anxious  to  fulfill  my  promise  of  writing  to  you,  I  was  unwill- 
ing to  send  tidings  unaccompanied  by  accounts  of  something  done 
toward  the  fulfillment  of  my  original  plan. 

It  lacks  but  a  few  days  of  two  years  since  my  arrival  in  Cordoba, 
when  I  anticipated  that  the  work  upon  the  zones  would  commence 
within  six  months  and  be  completea  within  two  years  thereaHer. 
Yet  the  sound  of  the  hammer  is  still  heard  withm  the  building; 
and  the  two  years  will  have  elapsed  before  the  carpenters  can 
take  their  leave.  But  if  the  institution  thus  established,  and 
devoted  to  astronomical  research  in  this  clear  and  transparent  sky, 
can  now  commence  an  era  of  full  activity,  I  shall  not  feel  that 
these  years  of  toil  in  the  joint  capacity  of  architect,  surveyor, 
master-builder,  engineer  ana  mechanician,  as  well  as  astronomer, 
have  been  in  vain. 

The  various  unexpected  embarrassments,  which  have  till  now 
delayed  the  commencement  of  the  zone  observations,  have  not 
intenered  with  the  IJranometry,  which  has  advanced  as  uninter- 
ruptedly as  moon  and  clouds  would  permit.  During  the  first  fou]> 
teen  months  of  our  sojourn,  the  survey  of  the  entire  sky  south  of 
the  10th  degree  of  north  declination  was  completed,*  the  stars 
identified  from  the  catalogues  and  their  positions  reduced  to  the 
mean  equinox  of  1872*0;  or  for  those  few  which  could  not  be 
identified,  their  positions  fixed  by  estimation  with  sufficient  sharp- 
ness to  permit  of  recognition  and  accurate  determination  when 
the  large  instruments  should  be  in  working  order.  The  scale  of 
magnitudes  above  the  6th  was  carefully  deduced  from  that  of 
Argelander  within  the  belt  between  6**  and  15°  of  N.  declination 
and  expanded  to  tenths  of  a  magnitude.  For  stars  below  Argel- 
ander's  limit,  we  had  no  trustworthy  basis;  and  although  a  very 
large  proportion  of  our  stars  were  noted  as  7  by  Lacaille,  and 
many  even  fiainter  than  7  by  Lalande,  Taylor  and  Brisbane,  I  was 
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tndiBposed  to  believe  that  stars  realJj  below  fl^  or  6*6  conld  Ix 
viHible  to  the  naked  eye.  Experiments  made  irith  considerable 
minuteness,  to  deduce  the  true  inagnitudea  by  dettmiining  ihf 
Braallest  aperture  through  whieh  the  stars  could  be  ^stinctly  seen. 
failed  to  give  a  satisfactory  result,  and  thus  I  fixed  upon  65  «■ 
the  limit  of  average  viaioti  ou  an  average  night;  and  upon  thi' 
basis  the  magnitudes  below  6  were  eBtimated,  stars  seen  by  the 
unaided  eye  being  considered  as  below  6'T.  The  work  had  Ew 
advanced  nefore  t£e  arrival  of  any  means  of  accurately  t«»ting  the 
exactness  of  this  asaumption;  aud  my  suprise  was  great  when 
after  a  comparison  of  the  faint  star*  within  the  type-belts  with 
Argelander's  "  DurchmuBteruog"  and  Beettel's  zones,  there  k- 
mained  no  room  for  doubt  that  the  magnitude  which  we  had  been 
calling  6'6  was  in  reality  not  more  than  7'0;  and  that  on  tlie 
clearest  nights  stars  not  brighter  than  7"2  could  be  distinctly  seen. 
while  a  considerable  number  which  had  been  seen  and  recordea 
are  not  above  the  ?'5  magnitude.  This  is  bevond  all  question, 
and  indicates  at  ouce  the  transparency  of  our  sky,  and  the  ahup 
sight  of  our  observers. 

At  first  I  bad  fixed  upon  the  magnitude  6*5  as  the  most  appro- 
priate inferior  limit  for  stare  to  be  included  in  the  UranomeliT, 
DUt  this  discovery  led  to  a  total  change  of  plan,  and  I  now  tiiiiu 
that  the  limit  ought  not  to  be  brighter  than  7*0.  It  was  not 
difficult  to  translate  the  magnitudes  recorded  into  the  correspond- 
ing true  ones,  since  most  of  the  stars  had  been  observed  two  or 
three  times,  and  by  two  or  three  observers;  still  as  the  progrew 
of  the  building  did  not  yet  permit  the  erection  of  the  meridian 
circle,  I  decided  to  submit  the  sky  to  a  new  revision.  In  the  Gist 
scrutiny  the  whole  region  included  in  our  work  had  been  divided 
into  17  maps ;  5  of  which  were  assigned  to  Mr.  IHiome  and  4  each 
to  Messrs.  Rock,  Davis  and  Hathaway.  The  boundaries  were  so 
arranged  that  each  of  these  maps  lapped  very  lai^ely  upon  the 
adjacent  ones  (which  were  of  course  assigned  to  other  observers), 
so  that  thei-e  were  feiv  stars  which  did  not  fall  within  the  limits 
of  at  least  two  observers,  while  there  were  several  regions  which 
belonged  to  the  common  domain  of  all  four.  Thus  the  scrutiny 
seemed  good  in  so  far  as  regards  the  detection  of  all  stars  within 
the  limits  of  vision ;  while  any  systematic  tendency  to  diversity  in 
the  estimates  of  the  several  observers  could  be  at  once  recogntied 
and  remedied.  The  diversity  of  results  in  consequence  of  erron 
of  observation  or  differences  of  judgment  was  small,  and  in  most 
cases  indicated  that  the  true  value  was  an  intermediate  one. 

Nevertheless  as  I  have  said,  a  revision  of  the  whole  work  ha* 
been  undertaken,  which  is  a  far  less  severe  undertaking  than  the 
original  one,  inasmuch  as  the  stars  have  been  already  identified 
and  their  places  reduced  to  the  adopted  equinox.  For  this  revifr 
ion  a  large  number  of  additional  faint  stars  have  been  added  to 
the  catalogue  in  the  type-belt — those  only  being  adopted  as  etaed- 
ards  of  magnitude  to  which  all  four  observers  assigned  the  same 
value.    The  scale  thus  established  has  been  eimilarly  transferred, 
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by  the  accordant  estimates  of  all,  to  two  regions  on  opposite  sides 
of  the  pole,  and  at  about  60°  declination,  so  that  an  abundant 
series  of  trustworthy  standards  of  magnitude  may  be  found  within 
a  convenient  distance  of  any  part  of  the  sky.  For  the  revision 
with  this  new  scale,  I  divided  the  hundred  degrees  of  declination 
which  compose  the  field  of  our  Uranometry  into  35  charts,  each 
mapped  upon  a  scale  nearly  double  that  of  the  first  series,  which 
was  easily  attained  by  diminishing  the  amount  of  their  overlap- 
ping. These  have  been  so  distributed  as  to  assign  to  each  observer 
regions  different  from  those  which  he  had  previously  observed, 
and  each  one  is  now  engaged  in  repeatmg  his  former  work,  with 
the  new  standards  of  magnitude,  and  in  observing  the  new  cliarts 
of  the  revision  series.  Thus  I  think  we  may  believe  that  no 
star  brighter  than  the  Vth  magnitude  will  escape  notice,  that  the 
misideutifications  will  be  few,  and  that  the  final  results  for  the 
magnitudes  deduced  from  so  large  a  number  of  observations,  free 
from  systematic  discordance,  will  be  entitled  to  a  high  degree  of 
confidence. 

This  revision,  as  well  as  the  repetition  of  tlie  original  work,  are 
both  of  them  more  than  half  completed,  and  I  see  no  reason  to  feel 
otherwise  than  very  well  satisfied  with  the  results.  My  great 
nearsightedness  has  prevented  me  from  taking  any  personal  share 
in  the  observations,  a  circumstance  which  at  first  caused  me  deep 
regret ;  but  this  regret  has  disappeared  since  experience  has  taught 
me  that  the  amount  of  labor  entailed  by  the  general  arrangement 
of  the  work,  and  by  the  combination  and  scrutiny  of  the  results, 
is  quite  incompatible  with  any  considerable  amount  of  direct 
observation.  And  I  doubt  whether  thin  could  have  been  more 
zealously  or  faithfully  accomplished  than  by  the  gentlemen  engaged 
in  the  work 

Of  course  this  process  has  brought  to  light  a  considerable  num- 
ber of  variable  stars,  of  which  I  had  hoped  to  be  able  to  prepare  a 
list  before  now;  and  has  moreover  served  to  fix  reasonable  suspi- 
cion upon  a  much  larger  number.  Before  long  I  trust  to  find 
opportunity  to  collect  and  arrange  our  data.  You  may  well  sup- 
pose that  in  the  pressure  of  our  labors  there  has  been  small  oppor- 
tunity to  follow  up  the  variations  of  these  stars,  so  as  to  determine 
their  periods.     That  duty  must  be  left  for  a  season. 

Among  those  which  have  come  to  light  I  may  mention  one 
especially,  since  it  belongs  to  the  northern  hemisphere.  It  is  the 
star  in  Mo7iocero8,  No.  507  of  the  Hour  VL  in  Weisse's  Bessel,  the 
place  for  1872-0  being 

6^^  IS"'  10*4-7°  9' -2. 
Bessel  called  its  magnitude  V,  and  Mr.  Davis  noted  it  as  CI  in  the 
beginning  of  IP 71;  out  his  subsequent  observations  have  shown  it 
to  fluctuate  between  the  limits  6*2®  and  7*3°  in  a  period  of  about 
31  days. 

But  enongh  of  the  Uranometry,  which  must  soon  be  brought  to 
a  conclusion. 

With  the  meridian  circle  I  have  already  accomplished  a  very 
fair  amoimt  of  work  in  determining,  the  positions  of  stars  uniden- 
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With  the  equatorial  I  was  able  to  follow  the  comet  discovered 
r  Tempel  Nov.  3,  1871,  on  every  clear  night  but  one  from  Jan. 
'  to  Feb.  21,  in  spite  of  its  extreme  faintness.  This  comet  was 
^served  in  Europe  only  for  about  ten  days,  and  I  think  the  Cor- 
»ba  observations  will  prove  to  be  the  only  ones  made  in  this 
imisphere.  The  comet  traversed  the  southern  hemisphere,  pass- 
g  within  about  5°  of  the  pole,  so  that  it  has  not  yet  been  possi- 
e  to  determine  all  the  comparison  stars  with  the  circle ;  but  as 
on  as  possible  I  hope  to  complete  the  series  of  determinations, 
is  on  such  occasions  that  one  feels  most  keenly  the  intensity  of 
e  existing  need  of  a  southern  catalogue ;  for  of  all  the  compari- 
n-stars  employed,  I  succeeded  in  identifying  only  two  as  having 
«n  previously  observed. 

Among  my  most  cherished  plans  in  connection  with  this  expe- 
tion  has  been  that  of  obtaining  photographic  impressions  of 
'ominent  star-clusters  in  this  hemisphere,  for  measurement  and 
imputation  of  the  same  kind  as  that  bestowed,  before  leaving 
»me,  upon  Mr.  Rutherfurd's  photographs  of  the  Pleiades  and 
i'ceeepe.  With  this  view  I  made  an  earnest  but  unsuccessful 
fort  in  Boston  to  obtain  the  needful  means  by  subscription, 
at  in  December  last  some  of  my  near  connections  supplied  the 
icessary  funds  for  the  expenses  and  equipment  of  a  trained  pho- 
grapher,  and  through  the  exertions  and  friendly  care  of  Mr. 
utherfurd,  the  services  of  Dr.  C.  S.  Sellack  were  secured  for  a 
nited  period,  and  an  adequate  supply  of  chemicals  and  apparatus 
*ovidea.  Dr.  Sellack  left  the  United  States  in  Decemoer,  but 
iving  been  separated  from  his  boxes  in  Rio  Janeiro  did  not  reach 
ordoba  until  the  middle  of  March.  As  soon  as  possible  a  little 
lotographic  laboratory  was  constructed,  and  alter  a  little  less 
lan  a  month  the  photographic  object-glass  was  unpacked  from 
e  box  in  which  it  had  remained  since  leaving  New  York.  To 
ir  dismay,  on  unpacking  the  glass,  the  flint  lens  was  found  broken 
two  with  a  cruel  fracture  of  irregular  form,  which  divided  it  in- 

two  not  very  unequal  segments.  Since  then  we  have  .been 
igaged  in  constant  eflbrts  to  render  it  serviceable ;  but  were  it 
>t  for  the  extreme  ingenuity  and  unwearied  persistency  which 
r.  Sellack  has  brought  to  the  work  these  endeavors  must  have 
*oved  fruitless.  Month  after  month  our  faith  and  hope  have 
^ndled,  as  one  device  after  another  failed  to  attain  the  end 
$sired,  or  developed  some  new  difficulty  in  the  way ;  but  I  am  so 
tppy  as  to  be  able  to  say  at  last  that  the  difficulties  seem  to  be 
sentially  surmounted,  so  that  I  do  not  despair  of  accomplishing 
•mething  after  all  A  photograph  taken  three  days  ago  gives 
ost  encouraging  prospects,  for  we  have  on  a  single  plate  images 
'  thirty-six  stars  in  the  cluster  in  Scorpio,  and  although  the 
lases  of  the  brighter  stars  are  slightly  elongated,  they  are  cer- 
inly  good  enough  to  afford  accurate  results.  And  as  the  chemi- 
bls  were  accompanied  by  the  priceless  gift  from  Mr.  Rutherfurd 

the  beautiful  micrometer  which  has  in  his  own  hands  done 
ich  exquisite  work,  I  cherish  some  hope  of  being  able  to  send 
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yon  the  palpable  demonstration  tbat  by  patience  and  ingwottj    ' 
soraelhing  may  be  done  even  with  a  fractured  lens. 

The  grout  scientific  importance  of  a  study  of  the  singnlar  met^- 
orologital  relations  of  this  country  has  made  me  unwilling  to 
neglect  any  opportunity  of  furthering  guch  investigations;  al- 
though greatly  indisposed  to  sacrifioe  any  time  whitb  might  b« 
devoted  to  astronomical  reBearches.  With  this  (eeling  I  hsve  lost 
no  opportunity  of  urging  on  the  Government  the  high  tmportjLDM 
of  an  organized  system  of  meteorological  observations,  and  a  bill 
is  now  ponding  in  the  Argentine  Congress,  with  every  prospect 
of  a  speedy  passage,  to  establish  a  Metcorologicul  Bureau,  and 
to  provide  competent  observers  in  various  parts  of  the  country 
witti  the  necessary  instruments.  I  have  provisionally  undertakeD 
the  organization  and  management  of  this  Bureau,  bat  with  tht 
hope  of  being  able  before  long  to  resign  it  into  some  competent 
hands. 

1  have  also  undertaken  the  Commissi onershtp  of  Weijihtfl  Uld 
Measuresi,  hoping  thus  to  contribute  something  toward  the  fortlier 
ance  of  the  great  international  movement  toward  the  uiiifioatloo 
of  weigUtB,  measures  and  currency.  And  I  am  glad  to  annoance 
that  as  a  preliminary  step  toward  the  practical  introdactionof  the 
metric  system,  it  has  been  ordered  bv  the  Government  tb.tt  from 
and  iiftc;r  .Jiin.  Ist,  1373,  ;0I  l!ie  meiie'iin'nu'nl^  rin.!  reonls  ,.f  jl.t 
custom  houses  of  the  nation  are  to  be  made  in  metric  units.     At 

1>resent  every  one  of  the  14  provinces  has  its  own  measures  of 
eogth  and  capacity,  each  diffeiing  from  the  others,  and  all  difie^ 
ing  from  those  of  Spain,  whence  they  were  derived.  It  will  not 
be  a  difficult  matter,  I  am  convinced,  to  bring  the  metric  units 
'  into  practical  use  throughout  the  country. 

Of^  other  scientific  news  I  have  but  little  to  telL  A  very  beau- 
tiful meteor  passed  over  the  city  of  Tucuman  at  about  6^  a.  M,, 
SI  the  21st  August,. dazzling  those  who  were  in  the  etreets,  and 
arming  them  not  a  little.  It  exploded  with  a  loud  report.  The 
motion  is  said  to  have  been  toward  the  east,  but  do  more  definita 
information  could  be  obtained. 

We  are  in  the  midst  of  the  tempestuous  but  raiDless  season  of 
the  year.  Two  or  three  times  a  week,  hurricanes  pass  over  the 
city,  rendering  the  air  opaque  yrith  dust  and  doing  much  iBJury  to 
trees  and  houses.  This  is  one  of  our  great  troubles,  in  coDsequeuM 
of  the  harm  done  to  the  instruments  by  the  penetrating  donds  of 
fine  hard  clay-dust.  There  has  been  no  rain  for  many  months,  and 
the  bed  of  the  Rio  Primero  is  dry,  below  the  upper  part  of  the 
city ;  a  not  very  uncommon  phenomenon. 
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SCIENTIFIC    INTELLIGENCE. 
L  Chemistet  and  Physics. 

1.  On  Manomelric  FlaTnes;  by  Dr.  R,  KOnig,  of  Paris. — 
[The  IbllowlDg  is  a  translation  of  the  lattor  part  of  Dr.  Kdnig's 
admirable  paper  "On  manometric  flamea,"  recently  publishLKl  in 
Poggendotff^t  Annalen,  Bd.  146,  S.  16d.  The  figures  anni-xed  are 
from  electrotypes  which  accompanied  the  acoustic  apparatus  re- 
cently sent  by  Dr.  K&nig  to  the  IStevens  Institute  of  iechnulogy. 
— A.  M.  Matkb.] 

Interference  I^iei^tnena. — In  describing  the  results  obtained  by 
the  combination  of  the  notes  of  two  organ  pipes,  I  did  not  make 


mention  of  nnison.  The  combination  of  two  notes  in  unison  is  of 
special  interest  on  account  of  tlic  communication  of  the  vibrstioDS 
and  the  attending  phenomena  of  interference.  I  therefore  prefer 
to  describe  them  in  connection  with  other  similar  experiments. 
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If  ve  take  two  organ  pipes  in  unison,  attach  to  them  two  flanm^ 
and  flound  one  of  them,  the  flame  of  tlie  other  will  show  that  the 
included  column  of  air  has  had  the  ribratious  commtmieated  to  it, 
and  that  this  communlcatiou  i-ontiDues  ereu  when  the  organ  piM« 
are  no  longer  exactly  in  uitisoo,  but  give  beats  when  soonaed 
together.  We  must  remark,  however,  tnat  in  this  case,  the  sec- 
ond pipe  haa  no  vibrations  of  its  own,  but  only  such  as  are  exactly 
in  unieou  with  the  first,  so  that  the  beats  can  neither  be  heard  nor 
observed  in  the  flame.  If  we  now  sound  the  second  pipe  idso, 
and  thus  induce  vibrations  of  ils  own,  theee  will  combine  witb 
the  resonance  vibrations,  and  tlie  flame  violently  indicates  beaw 
which  can  also  be  distinctly  beard. 

I  draw  particniar  attention  to  this  isi>lated  :u)pearance  of  reson- 
ance vibrations  in  the  column  of  air,  because  this  does  not  happen 
in  the  case  of  two  violin  strings  stretched  over  the  same^  soundiog 
board,  where  the  string  vibrations  are  always  combined  wi^ 
the  resonanM  vibrations  in  the  influenced  string,  even  if  it  is  not 
sounded.  'ITie  beats  produced  by  two  such  strings  acting  od 
each  other  ore  of  such  nature  that  one  reaches  the  maximtim 
amplitude  while  the  other  is  at  the  minimumi.  The  flames  of  tiro 
organ  pipes  show  the  same  phenomenon,  one  rising  while  the  other 
falTe.  In  the  hitter  both  must  be  sounded,  while  it  is  necessary  to 
sound  oiily  oiif  of  the  strinirfl. 

in  pipes  of  perlecii  unison  whose  vibrations  make  the  same  mu- 
tual compensation  that  the  beats  did  before,  that  is  to  say,  where 
condensations  take  place  in  the  node  of  one  while  rarefaction! 
take  place  in  the  node  of  the  other,  we  cau  plainly  observe  the 
whole  process  by  means  of  two  flames,  one  placed  vercicallT 
below  the  other.  The  vibrations  of  the  flames  are  undiminished, 
but  their  images  in  the  revolving  mirror  alternate  instead  of  be- 
ing one  under  the  other.  When  both  notes  act  upon  the  same 
flame,  the  flame  will,  in  the  case  of  beats,  be  more  violently  agi- 
tated than  the  two  flames  were ;  for  in  the  latter  case  they  were 
caused  both  by  direct  and  by  induced  vibrations,  which  in  the  same 
column  of  air  were  of  very  unequal  intensity ;  here,  however,  two 
notes  of  almost  eqnal  intensity  are  produced  directly  in  two  equal 
columns  of  air.  ,  If  the  two  notes  are  made  gradually  to  approach 
unison  we  shall  observe  that  we  cannot  retard  at  will  the  beats  ■£ 
iu  the  case  of  tuning  forks ;  but  when  we  oome  to  a  certain  point 
they  suddenly  cease,  and  the  two  colnmns  of  air  vibrate  like  a 
ayatem,  that  is,  like  two  differently  tuned  bodies  which  are  bo  inti- 
mately connected,  and  aot  upon  each  other  so  strongly,  that  ndtber 
can  emit  its  peculiar  note ;  the  consequence  being  that  but  a  single 
note,  a  mean  between  the  two,  is  heard.  This  note  is  stronger 
than  that  of  a  single  organ  pipe  and  causes  the  flame  to  contract 
in  the  center,  and  to  rise  above  a  non-luminous  blue  broad  base. 
As  we  approach  pure  unison  the  height  of  this  dark  base  increases, 
the  luminous  contraction  disappears  and  when  unison  is  reached 
the  flame  appears  at  rest.  At  the  same  time  the  strong  funda- 
mental note  of  the  organ  pipes  has  almost  entirely  disappeared, 
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and  we  clearly  perceive  the  first  overtone,  since,  as  we  well  know, 
the  even  overtones  are  strengthened  and  the  uneven  ones  destroyed 
whenever  the  difference  of  half  a  phase  of  vibration  occurs  in  the 
two  notes  in  unison.  This  octave  [the  first  overtone]  is  also  seen 
in  the  flame  which  produces  a  series  of  low  broad  images  in  the 
mirror  each  of  which  is  cleft.  It  is  well  in  this  experiment  to  use 
greater  pressure  of  the  air  in  order  to  increase  the  intensity  of  the 
octave  in  the  pipe. 

Since  this  appearance  of  the  octave  in  the  interference  of  two 
fhndamental  notes  mav  be  shown  very  beautiiully  also  by  means 
of  the  double  syren  ot  Helmholtz,  I  also  made  this  phenomenon 
visible  by  means  of  the  flames.  For  this  purpose  I  provided  each 
of  the  two  resonant  boxes,  which  are  over  the  revolving  discs, 
with  a  tube  which  permitted  me  to  bring  their  interior  in  direct 
communication  with  the  tube  leading  to  the  manometric  capsule ; 
which  I  did  by  means  of  gum  tubes  in  such  a  manner  that  the 
upper  wind  box  of  the  syren  preserved  a  limited  mobility  so  as  to 
produce  and  interrupt  interference  through  its  different  positions. 
Whenever  we  approach  the  point  of  interference  of  the  upper 
wind  box  we  see  the  large  vibrations  of  the  fundamental  tone 
gradually  disappear,  and  the  short  cloven  flame  of  the  octave  take 
Its  place. 

A  special  apparatus,  which  I  constructed  for  observing  pheno- 
mena of  interference  of  different  kinds,  is  based  upon  a  method 
first  used  by  Herschell,  and  after  him  by  other  physicists.  The 
principle  consists  in  producing  interference  by  allowing  waves 
coming  from  the  same  source  of  sound  to  traverse  two  different 
directions,  differing  in  length  by  half  a  wave-length,  and  then 
uniting  them  again.  A  tube  is  used  branching  off  in  two  direc- 
tions, the  branches  being  so  constructed  as  to  allow  lengthening 
and  shortening.  (Fig.  2).  In  order  to  obtain  a  very  complete 
interference,  we  must  introduce  as  nimple  a  note  as  possible  into 
the  tube  by  connecting  it  with  a  resonator  before  which  the  cor- 
responding tuning-fork  is  sounded  If  we  now  lengthen  one  of 
the  arms  until  the  difference  between  them  amounts  to  half  a 
wave-length  of  the  note  of  the  tuning-fork,  the  waves  coming 
through  the  two  conduits  destroy  each  other  at  the  other  end  of 
the  tube,  and  if  we  allow  this  to  terminate  in  a  small  cavity,  above 
which  is  a  manometric  capsule,  we  shall  see,  on  lengthening  one  of 
the  arms,  how  the  deeply  cloven  flames  in  the  revolving  nurror  are 
gradually  changed  into  bands  of  light  when  the  difference  of  half 
a  wave-length  is  reached.  Interference  may  be  shown  much  more 
beautifully  by  means  of  another  arrangement.  Instead  of  allow- 
ing the  united  arms  to  act  upon  the  capsule,  I  apply  to  the  ends 
of  them  a  small  apparatus  connecting  them  with  separate  capsules. 
These  two  capsules,  whose  mutual  action  is  canceled  by  the  two 
auxiliary  capsules,  are  connected  with  two  gas  pipes  instead  of 
one.  On  a  stand  are  three  burners  of  different  heights,  the  mid- 
dle one  being  provided  with  two  gum  tubes.  I  now  connect  one 
gas  pipe  of  one  capsule  with  the  highest  burner,  one  pipe  of  the 
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Other  cajMale  with  the  lowest,  and  by  meanB  of  the  other  Iwo 
pipes  1  connected  both  capsules  with  the  middle  biiroer.     If  I  now 


soand  the  toning  forks,  both  brenohes  being  of  equ&l  length,  the 
three  flames  in  the  revolving  mirror  appear  aa  three  series  of 
flames  cloven  to  an  equal  depHi  one  above  the  other.  On  length- 
ening one  branch  half  a  wave-length  of  the  note,  the  middle  one 
alone  becomes  a  simple  band  of  light,  while  the  other  two  con- 
tinue to  vibrate  with  unchanged  intensity.  Here  we  observe  at 
the  same  time  the  eSect  produced  by  waves  of  sound  coming 
through  each  arm  eeparatcly  and  when  they  are  reunited. 

If  in  these  experiments  we  use  an  open  organ  pipie,  instead  of  a 
tuning  fork  with  resonator,  the  vibrations  of  the  octave  appear 
i^aln  during  the  interference  of  the  waves  of  the  fundamental 
note ;  provided  the  organ  pipe  is  not  of  too  great  diameter.  In 
the  same  manner  as  the  fundamental  note  we  can  also  remove  any 
overtone  of  a  note  by  means  of  interference.  This  can  be  shown 
very  nicely  by  means  of  a  closed  pipe.  I  introduce  its  sound 
into  the  apparatus  by  connecting  it  to  the  latter  by  means  of 
gum  tube  attached  to  its  terminating  capsule,  after  removing 
the  gas  burner.  If  I  then  pull  out  the  tube  bo  &r  that  in- 
terference is  produced  for  the  note  3,  the  middle  flame  in  the 
mirror  will  show  the  simple  flames  of  a  fundamental  note,  while 
the  other  two  will  show  the  same  image  as  in  the  combination  of 
the  notes  1  and  S.  In  the  same  manner  we  can  separate  whole 
series  of  overtones  from  the  vowel  sounds,  and  this  foi-ms  a  very 
friiitful  method  of  studying  these  sonndsi    In  these  experimente 
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the  arrangement  of  the  three  flames  is  particularly  useful,  because 
the  constant  images  of  the  upper  and  lower  flames  render  the 
slightest  variations  of  4he  middle  flame  very  perceptible.  If  U 
[German  =  00]  is  sung  to  the  note  c  in  tlie  apparatus,  the  funda- 
mental tone  is  but  weakly  accompanied  by  the  octave ;  if  we  then 

arrange  the  apparatus  so  that  the  waves  of  c  interfere,  every  trace 
of  this  octave  disappears ;  while  on  interference  of  the  fundamen- 
tal note  two  narrow  flames  of  almost  equal  height  tiike  the  place 
of  each  broad  one,  which  represents  the  octave  which  exists  now 
almost  alone.  K  we  sing  O  to  the  same  note,  where  the  octave  is 
stronger  than  with  U,  we  can  make  the  same  experiments,  but 
here  the  tone  3  appears  on  interference  of  the  octave,  the-  broad 
flame  of  the  fundamental  note  chan^ng  into  three  points  succes- 
sively diminishing  in  altitude.  If  tne  waves  of  the  octave  inter- 
fere we  get  a  group  of  five  peaks  of  flame  which  indicate  the  tones 
1,  8,  5.  If  we  suppress  the  iundamental  tone  and  with  it  the  tones 
3,  5,  etc.,  we  get  a  simple  series  of  flames  caused  alone  by  the 
octave.  These 'phenomena  are  not,  however,  always  so  simple, 
eapecially  in  more  composite  groups  of  flames  pertaining  to  the 
lower  notes.  I  will  therefore  remark,  that  on  lengthening  one 
tube  of  the  apparatus  we  often  suddenly  see  very  considerable 
changes  in  the  images  of  the  flames,  while  it  is  between  the  points 
of  interference  of  two  successive  overtones  of  the  note.  It  is  then 
the  point  of  interference  of  the  lower  octave  or  12th  of  a  higher 
overtone  of  the  note  which  is  separated  in  this  manner. 

Instead  of  the  branching  tube,  in  which  the  sound  was  intro- 
duced in  the  preceding  experiment,  we  can  use  two  separate  tubes 
exactly  equal  in  length  and  shape,  each  of  which  consisting  of 
three  pieces  united  as  in  a  telescope,  so  that  the  two  open  ends 
may  be  turned  in  any  direction  without  change  of  length  or 
curvature.  This  apparatus  allows  a  sound,  proceeding  from  two 
parts  of  the  vibrating  body  to  be  introduced  into  the  apparatus ; 
as,  for  instance,  from  parts  of  a  plate  having  diflerent  signs,  or 
from  the  two  sides  of  tne  same  part.  In  these  two  cases  interfer- 
ence takes  place  on  passage  of  tne  sound  through  the  two  conduits 
of  equal  length,  and  the  sound  appears  only  when  interference  is 
destroyed  by  pulling  out  one  arm.  In  order  to  make  the  apparatus 
do  for  determining  the  wave-length  of  a  tone  in  different  gases, 
and  for  the  experiments  of  Zoch,  I  have  provided  the  tubes  with 
two  stop-cocks  by  which  they  may  be  filled  and  emptied.  When 
we  experiment  with  a  gas  other  than  the  atmospheric  air  the 
resonator  cannot  of  course  remain  connected  with  the  interior  of 
the  tube,  and  we  must  therefore  introduce  a  small  hollow  vessel 
separated  in  the  middle  by  a  membrane.  One  half  is  connected 
with  the  tube  the  other  with  the  resonator.  Besides  this  we  must 
cover  the  ends  of  the  tubes  with  india  rubber  rings  to  prevent  the 
gas  from  escaping  at  these  pomts. 

Of  course  this  apparatus  tMll  do  for  direct  observation  of  the 
different  phenomena  of  interference  with  the  ear,  and  for  repeat- 
ing the  experiments  of  Maoh,  Quincke  and  others.    For  this  pur 
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pose  we  must  put  in  the  place  of  the  flame  apparatus  one  of  the 
forked  tubes  and  connect  tnis  with  the  ear  by  means  of  an  india 
rubber  tube. 

2.  On  the  light  emitted  by  the  phosphorescent  compounds  of 
uranium. — Bbcqubrbl  has  examined  the  phosphorescence  spectra 
of  some  of  the  compounds  of  uranium,  and  has  arrived  at  the 
following  results: 

(1.)  l%e  compounds  of  protoxide  of  uranium  hitherto  studied 
(chloride  and  sulphate)  did  not  exhibit  any  appreciable  phospho- 
rescence. But  although  some  compounds  of  the  sesqnioxide  are 
equally  inactive,  this  is  not  the  case  with  the  greater  number, 
which  when  properly  treated  give  rise  to  a  more  or  less  vivid 
emission  of  light. 

(2.)  The  greater  number  of  these  phosphorescent  substances  give 
a  series  of  groups  of  luminous  and  dark  bands  which  appear  m  a 

fart  of  the  spectrum  extending  from  about  C  to  beyond  but  near 
'.  These  groups  are  5,  6  or  7  in  number,  and  the  bright  and  dark 
bands  formed  by  them  are  not  in  the  same  places  for  the  difierent 
compounds,  but  preserve  the  same  positions  m  the  case  of  the  same 
substance. 

(3.)  If  the  succession  of  luminous  groups  in  the  spectrum  charao- 
terizes  in  general  the  compounds  of  uranium,  the  acid  in  the  com- 
pound determines  the  disposition  of  the  bright  and  dark  bands  of 
each  group,  which  disposition  may  differ  greatly  for  the  difierent 
compounds.  , 

(4.)  In  the  double  salts  of  the  same  class,  in  the  sulphates  and 
double  sulphates  for  instance,  the  composition  of  each  group 
remains  the  same,  but  the  index  of  refraction  of  the  corresponding 
bright  and  dark  bands  is  different.  Sometimes  these  groups  are 
transferred  a  short  distance  from  the  more  refrangible  or  from  the 
less  refrangible  side,  according  to  the  simple  or  compound  uranic 
salt.  Thus  in  the  case  of  the  double  chloride  of  uranium  and 
ammonium,  the  lines  or  bands  are  a  little  more  refracted  than  the 
corresponding  lines  or  bands  presented  by  the  double  chloride  of 
uranium  and  potassium,  while  the  contrary  is  the  case  when  we 
compare  the  double  sulphates  of  the  same  bases.  With  the  double 
oxalate  of  ammonia  and  uranium,  the  groups  similar  to  those  which 
the  simple  oxalate  gives  are  less  rf^fracted  than  in  the  case  of  this 
last,  and  the  difference  is  greater  than  that  observed  with  the 
sulphates. 

(5.)  If  wf  consider  the  characteristic  lines  or  bands  of  each  group 
in  the  same  compound  (which  may  be  the  center  of  a  bright  band 
or  a  dark  line),  wo  find  that  from  the  first  group  to  the  seventh, 
the  distance  measurc«l  by  the  aid  of  the  micrometer  of  the  spec- 
troscope increases  witli  the  refrangibility ;  on  the  other  hand,  the 
differences  between  the  wave-lengths  of  the  corresponding  luminous 
rays  diminishes ;  the  ratio  of  these  differences  to  the  mean  wave- 
lengths also  diminishes,  but  the  ra?fto  of  these  same  differences  to 
the  squares  of  the  mean  wave-lengths  changes  little,  changes  for 
the  same  compoundbetweentiVifte'xAx^avfe^^^^^^  of  refrangibility, 


Chemistry  and  Physics.  487 

and  may  be  regarded  as  sensibly  constant.  Moreorer,  with  differ- 
ent componnds  this  ratio  only  varies  between  limits  but  little 
removed  from  each  other.  Thus  we  have  for  the  mean  value  of 
this  ratio : 

Sabstance.  Ratio  -rg 

Chloride  of  uranium, 0*000081 

Cblor.  of  uranium  and  potassium, 83 

Fluor,  of  uranium  and  potassium, 81 

Sulphate  of  uranium, 86 

Sulphate  of  uranium  and  potassium, 84 

Oxalate  of  uranium, 86 

Phosphate  of  uranium  and  lime, 82 

Nitrate  of  uranium, 88 

Arsenate  of  uranium, 83 

(6.)  There  does  not  appear  to  be  any  simple  relation  between  the 
wave-lengths  corresponding  to  the  homologous  lines  or  bands  of 
the  same  luminous  group  in  different  compounds  and  the  chemical 
properties  of  these  substances. 

(7.)  When  we  illuminate  the  solid  compounds  of  uranium  with 
transmitted  violet  or  ultra-violet  light,  we  observe  in  the  most 
refrangible  part  of  the  spectrum  groups  of  absorption  bands  which 
differ  lor  each  compound,  and  which  appear  to  correspond  in  this 
part  of  the  spectrum  to  less  refrangible  groups  of  bright  phospho- 
rescent bands,  and  to  continue  their  succession. —  Comptes  Hendus^ 
Ixxv,  296.  w.  G. 

8.  On  the  spectrum  of  the  Aurora  Borealis, — Vogel  has  made 
an  attempt  to  identify  the  spectrum  of  the  aurora  with  that  of  air, 
and  has  arrived  at  results  which,  if  not  absolutely  conclusive, 
render  the  identification  at  least  probable.  The  author  employed 
a  direct  vision  spectroscope  with  6  prisms,  collimator  and  observmg 
telescope,  which  last  by  means  of  a  micrometer  screw  could  be 
moved  so  as  to  bring  different  parts  of  the  spectrum  into  the  center 
of  the  field  of  view.  The  distances  between  the  spectral  lines  could 
be  read  off  in  fractions  of  a  revolution  of  this  screw.  By  repeated 
measurements  of  about  1 00  lines,  aided  by  Ansstr6m's  atlas,  the' 
micrometer  readings  could  be  converted  directly  into  wave-lengths/ 
With  this  instrument  Vogel  determined  the  wave-lengths  of  7 
lines  with  the  following  results : 

Wave-length.  Probable  error.                                Remarks. 

0-0006297  0-0000014  Very  bright  band 

00005569  0-0000002  Brightest  line. 

0-0005390  Very  faint  line, 

0-0005233  0-0000004  Pretty  bright. 

0-0005189  0-0000009         ^""^^^^Z^^J^J:^^  "^^ 

0  0005004  00000003         Very  bright. 
0*0004694  )  Broad  band  somewhat  less  bright 

0*0004663  >  0-0000003  in  the  center;  very  faint  where 

0*0004629  )  the  red  line  appears. 
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For  the  purposes  of  comparisoD  the  author  determined  the  wave- 
lengths of  the  positive  lines  in  oxygen,  hydrogen,  nitrogen  and  air, 
employing  for  this  purpose  Goissler  tubes,  the  discharge  being  that 
of  a  weak  inductorium.     The  spectra  of  both  the  narrow  and  the 
wide  portions  of  the  tubes  were  observed  both  as  regards  wave- 
length and  intensity  of  light,  and  finally  the  spectrum  of  rarefied 
air  saturated  with  aqueous  vapor  was  also  noted.     The  first  auroral 
line  (^  =  629'7)  appears  to  correspond  with  one  of  a  system  of  lines 
in  the  spectrum  of  nitrogen,  the  wave-lengths  of  which  range  from 
662 '0  to  621-3.     The  brightest  line  in  the  spectrum  of  the  aurora 
(Xz=  656-7)  is  found  in  the  spectrum  of  nitrogen  as  a  faint  line. 
The  line  (A  =  523*7)  exists  both  in  the  spectrum  of  nitrogen  and  in 
that  of  air.     The  fifth  line  of  the  aurora  corresponds  with  the  third 
line  in  the  spectrum  of  oxygen  (A  =:  518-9).     The  sixth  line  of  the 
aurora  corresponds  very  accurately  with  the  nitrogen  line  seen  in 
the  spectra  of  certain  nebulte  (A  =  497*5).     Finally  the  broad  band 
of  light  between  469*4  and  462*9  corresponds  to  several  lines  in  the 
spectrum  of  nitrogen  as  well  as  in  that  of  air.     As  the  general 
conclusion  to  be  deduced  from  his  work,  the  author  believes  that 
the  spectrum  of  the  aurora  may  with  great  probability  be  regarded 
as  a  modification  of  the  air  spectrum,  the  variability  of  the  spectra 
of  gases  under  different  circumstances  of  temperature  and  pressure 
being  well  established. — Pogg,  Ann.^  cxlvi,  569.  w.  g. 

4.  On  the  heat  of  eocpanaion  of  solid  hodi^, — In  the  cases  of  a 
number  of  different  solids  and  also  of  water,  Bxjff  has  compared 
the  quantity  of  heat  absorbed  in  producing  expansion  with  the 
whole  quantity  absorbed,  or,  in  other  words,  with  the  total  specific 
heat.  The  author  sets  out  with  the  extremely  probable  assump- 
tion that  the  coefficients  of  expansion  and  compression  are  equal, 
whether  the  expansion  or  compression  be  linear  or  cubic.  A 
simple  calculation,  then,  shows  that  in  the  case  of  iron,  as  an 
example,  the  quantity  of  heat  necessary  to  raise  the  temperature 
of  one  cubic  centimeter  of  iron,  l°-374  C,  corresponds  to  a  work 
of  100  kg.  X  0*0000481  centimeters,  or  4*81  centimeter-grams. 
This  quantity  of  heat  is  foimd  in  units  by  multiplying  the  weight 
of  1  c.  c.  of  iron,  7*757  gr.,  by  the  specific  heat  of  iron,  0*1098,  and 
by  the  increment  of  temperature,  1*  374  C,  which  gives  1*17  units. 
The  total  work  which  this  quantity  of  heat  is  capable  of  produc- 
ing is  42000  gr.-cm.  X  1'17  =  40140  centimeter-grams,  while  the 
actual  work  of  expansion  is  only  4*81  centimeter-grams.  Hence 
the  heat  of  expansion  is  to  the  total  heat  as  0*98  is  to  10,000,  or 
about  0  01;^.  The  following  table  gives  the  author's  results,  with 
the  different  substances  to  which  the  calculation  was  extended: 

/? 

Iron,  0*0000481     0*0000850 

Copper,  0-0000951     00000515 

Silver,  0*0001401     0*0000573 

Gold,  0-0001791     0-0000466 

P/atinum,  0*0000628     0-0000265 

Lead,  0*0005^^4    Ci-^CNQQ^54 

Glass,  O-00O\45\     Q*^^^^^^^ 

'^ater  at  1 6°  C,  0*0045^54    \i-^^^\^^^      ^''^^^    V^^^ 


6 

s 

?. 

1-151 

0-1098 

O-980 

8-936 

0*0949 

1-446 

10-301 

0-0577 

2-378 

18-035 

00324 

1-899 

21-166 

0*0324 

0-920 

11165 

0*0314 

5-800 

^•44^ 

^V\%^ 

V441 

^-'^^^ 

►    V^^^ 

^-'^\^ 

Oeology  and  Natural  History,  489 

In  this  table  the  column  a  giyes  the  cubic  coefficient  of  extension 
referred  to  the  millimeter  as  the  unit  of  length ;  column  ^  gives 
the  cubic  coefficient  of  expansion  for  1°  C. ;  column  d  gives  the 
density  of  the  body ;  8  its  specific  heat,  and  ^  the  quantity  of  heat 
which  becomes  latent  in  ten-thousandths  of  the  whole  quantity. 
It  will  be  seen  that  it  forms  a  verj  small  fraction  of  the  whole. 
It  is  thus  easy  to  understand  why  it  has  not  yet  beeDpossible  to 
raise  the  temperature  of  a  solid  }>y  compression.  We  also  see 
that  the  latent  heat  of  expansion  exerts  a  very  small  influence  on 
the  specific  heat  of  the  atoms  of  solid  bodies. — Pogg,  Ann,,  cxlv, 
p.  626.  w.  G. 

n.  Geology  and  Natural  History. 

1.  Wf/oming  Coal  Formations. — Prof.  E.  D.  Cope  describes,  in 
an  interesting  paper  read  recently  before  the  Am.  Phil.  Soc. 
Philad.,  a  large  Dmosaifrian,  discovered  during  the  past  summer 
by  Mr.  Meek  and  Dr.  Bannister,  at  Black  Butte  Station,  on  the 
Union  Pacific  Railroad,  in  Wyoming  Territory.  In  this,  as  well 
as  in  a  laterpaper  published  in  the  American  Naturalist  on  the 
age  of  the  Wyoming  coals,  Prof  Cope  remarks,  that  the  detenni- 
nation  of  the  affinities  of  this  Saunan  proves  that  these  coals, 
which  hold  a  lower  position,  belong  to  the  Cretaceous  age,  and 
not  to  the  Tertiary,  and  he  writes  as  if  all  others  had  been  in  error 
on  the  age  of  the  deposits.  Prof.  Cope  was  doubtless  not  aware 
that  Mr.  Meek  had,  in  1871,  referred  Dr.  Haydeu's  collections  from 
this  formation  on  Bitter  Creek,  at  Point  of  Kocks,  to  the  Cretace- 
ous ;*  and  that  this  same  careful  paleontologist  had  also  referred 
the  coal-bearing  rocks  of  the  same  great  series  at  Coalville,  Utah, 
and  at  Bear  River  City  (Sulphur  Creek),  Wyoming,  to  the  Creta- 
ceous in  1870,  as  did  also  Mr.  King  and  Mr.  Emmons.f  Indeed, 
as  long  back  as  1 860,  Mr.  Meek,  in  connection  with  Mr.  Engel- 
mann,  referred  Capt.  Simpson's  collections  from  these  rocks,  in- 
cluding the  coal  at  Sulphur  Creek,  Wyoming,  to  the  Cretaceous-f 
Prof  Marsh  had  also  referred  coal  beds  on  Brush  Creek,  Wyoming, 
to  the  Cretaceous  in  187l.|  Two  fossils,  and  only  two,  from  one 
part  of  the  formation  mentioned,  were  referred  by  Mr.  Meek  to 
the  Tertiary,  but  this  was  from  a  misapprehension  in  regard  to 
the  locality  and  stratigraphical  position  of  the  Hallville  coal  mines, 
which,  we  are  informed,  he  had  then  never  visited,  and  supposed 
to  be  located  20  to  30  miles  farther  eastward,  and  at  a  much 
higher  horizon ;  and  these  fossils,  the  only  species  found  at  Hallville, 
are  just  such  forms  as  might  be  either  Tertiary  or  Cretaceous,  and 
are  nearly  allied  to  Tertiar}  species  of  Europe. 

2.  Decaisne*8  Monograph  of  the  Genvs  Pf/rus, — A  volume  of 
Decaisne's  great  work — or  rather  of  one  of  his  great  works — i« 
Jardin  Fruitier  du  Mus'eum,  un  Iconographie  de  touts  les  Esp^ces 
et  Varietes  d'Arbres  Fruitiers  cultives  dans  cet  ^tablissement,  <fcc. 

*  Hayden's  Report  of  1871,  p.  375.  f  King's  4to  Report  of  1870,  p.  46L 

X  Proc.  Ac.  N.  Sol,  Philad.,  1860,  p.  130.     |  This  Journal,  Maroh,  1871,  i,  195. 
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(proriuceiJ  in  firfit-rate  style  by  Firmin  Didot  FrSres),  devoted  to 
tne  genus  Pyrus,  is  now  before  as.  It  is  »  comptel«  monograpb  it 
tlie  Bjiecies  of  this  geDns,  taken  In  its  restricled  Henee,  iUuBtnit«d 
by  figures  of  the  wild  tvpes,  and  aUoof  the  cultivated  races  of  th«M 
cider-pears  known  in  Finance  under  the  name  of  Satiger.  There  i» 
a  list  of  the  cider-pears  cultivated  in  the  different  provinces  of 
France,  a  general  alphabetical  catalogue  of  all  the  published 
varieties  of  pears,  and  a  table  in  which  the  syuoayins  are  referred 
to  the  names  severally  adopted.  The  other  volumes,  and  the  illn* 
tratione  of  the  edible  vanelies  of  pears,  may  have  more  interest 
for  the  horticnlturist.  But  the  present  attracts  the  special  atten- 
tion of  the  scientific  botanist. 

_  As  stated  in  the  Introduction,  Prof.  Decaisne  entered  upon  bis 
great  undertaking  more  than  twenty  years  ago,  when,  in  the  Te»r 
18fi0,  ho  became  the  Professor  of  Culture.  He  cites  the  inMrno 
tions  under  which  the  separate  collection  of  fniit-trees  was  consti- 
tuted, and  the  professor  of  culture  was  charged  with  its  manage- 
ment, and  was  directed  to  bring  together  all  the  known  varieticfl, 
with  all  thoir  names,  "afui  d^^tabUr  nne  uniformity  de  nomendi- 
ture  neceasaire  pour  toutes  les  parties  de  la  U^publique."  This  i> 
a  decree  of  the  National  Convention,  June  10,  1793,  The  colleo- 
tion  which  Decaisne  has  bo  diligently  and  acutely  studied  actually 
dates  fnjra  the  year  1792,  when  the  fruit-garden  of  the  Chartreoi 
of  Paris  was  broken  up,  and  two  trees  of  each  variety  transported 
to  the  Jardin  dea  Plantes.  In  179,1  it  contained  IS9  varieties.  In 
1824,  when  Tbouin  died,  there  were  in  it  265  varieties  of  peare 
alone ;  it  has  now  more  than  1400  varieties  of  this  fruit.  It  i< 
interesting  and  important  to  know  that  the  collection  still  preserver 
the  greater  portion  of  the  very  types  described  a  century  ago  by 
Duhamel.  For  seven  years  Prot  Decaisne  studied  the  incomparable 
collection  under  his  charge,  making  drawings  and  analyses,  in 
which  he  is  so  skillful,  and  an  herbarium  of  their  flowers  and  foli- 
age, before  he  commenced  the  publication  of  the  Jardin  FrvUia 
du  Mushtm,  which  he  is  now  bringing  to  a  close. 

As  to  giving  a  correct  nomenclature  and  available  character, 
this  is  difheult  enough,  as  all  botanists  know,  for  the  species  tbem- 
selves  (which  must  needs  have,  or  he  assumed  to  have,  real  dis- 
tinctions) in  any  large  genus,  such  as  Quercut,  Eoiia,  Rubu»,  aod 
the  like ;  how  much  more  difBcult,  even  to  impossibility,  it  mnM 
be  in  the  case  of  cultivated  vnrieties,  of  ever  increasing  numbt^n. 
usually  named  without  system,  sometimes  of  mixed  origin,  and 
often  too  like  each  other  to  be  distinguished  by  any  available 
descriptions.  Hero  colored  plates  are  a  necessity ;  and  those  of 
this  great  standard  work,  upon  which  no  pains  have  been  spared, 
leave  little  to  be  desired  that  art  can  supply. 

In  France  alone  they  count  about  800  sorts  of  pears  ;  the  origio 
of  most  of  them  is  unknown,  and  many  are  undoubtedly  very 
ancient.  Indeed,  according  to  Jordan  and  his  school  these  differ- 
ences are  primitive,  and  tne  so-called  races  and  varieties,  both  of 
wild  and   cultivated   plants,  represent   so  many  closely  related 
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species.  But  M,  Decaisne,  not  content  with  the  reductio  ad  ahsur- 
dunh  of  having  about  2000  species  of  pears  to  be  dealt  with,  pro- 
ceeded to  an  experimental  demonstration  of  the  variability  of  the 
saltivated  races.  He  sowed  the  seeds  from  four  very  distinct 
varieties  in  1853,  the  Poire  d*Anglet€rre^  the  Bosc^  the  Belle 
Alliance^  and  the  Cirole,  Of  the  last  the  four  trees  raised  bore 
fimit  of  four  different  forms.  From  the  JBeUe  Alliance  he  obtained, 
in  this  first  generation,  nine  new  varieties,  none  of  them  represent- 
ing the  parent,  neither  in  the  form,  size,  color,  nor  even  the  time  of 
ripening  of  the  fruit.  The  JBosc  equally  produced  new  varieties. 
Of  the  Anghterre  nine  trees  produced  as  many  new  forms,  one  of 
them  a  winter-pear  similar  to  the  Saint  Germain^  another  apple- 
shaped  fruit  identical  with  one  which  was  raised  from  the  BelU- 
Alliance,  On  plate  33,  Decaisne  gives  figures  of  six  different 
pears  raised  from  the  Angleterre,  These  results  even  led  him  to 
aoubt  the  cases  cited  by  Darwin  of  the  reproduction  of  certain 
pears  from  seed.  He  insists,  moreover,  that  very  bad  fruits  may 
De  raised  from  choice  cultivated  pears,  and  that  good  varieties 
may  be  obtained  from  the  seeds  of  wild  pears.  The  latter  is  not 
what  one  would  expect  in  the  first  generation. 

Our  author  proceeds  to  state  that  the  trees  raised  from  seed 
taken  from  the  same  fruit  differed,  not  merely  in  their  fruits  and 
in  the  time  of  ripening,  but  no  less  in  their  flowers  and  in  the  form  of 
the  leaves.  Some  were  thorny,  others  thomless ;  some  produced 
slender  shoots,  others  thick  and  stout  shoots,  &c.  It  is  worth 
noticing,  however,  that  no  mention  is  made  of  any  precautions  to 
prevent  cross-fertilization  of  the  flowers  from  which  the  seeds 
planted  were  derived,  which  might  have  influenced  the  product 
through  the  now  well-ascertained  influence  of  the  pollen  upon  the 
pericarp.  We  perceive,  however,  that  he  would  regard  this  as 
unimportant,  since  pear-varieties  are  of  the  lowest  grade,  incapable 
of  propagating  fruit  by  close-fertilization,  and,  therefore,  wholly 
unlikely  to  impress  by  their  pollen  any  characteristic  upon  the 
pericarp  of  another  variety.*  A  large  part  of  the  Introduction  is 
occupied  with  further  evidence  that  the  Pear-trees  of  cultivation 
are  all  of  one  species,  from  which  have  proceeded  six  races,  com- 
pletely fertile  inter  se,  and  varieties  ad  infinitum.  In  this  respect 
the  Pear-tree  has  but  followed  the  example  of  most  fruit  and  fruit- 
trees,  and  of  the  Grains,  <fcc.,  which  had  apparently  diverged  into 

*  Yet  the  apple,  which  is  in  the  same  case,  does  so.  An  interesting  instance  of 
this  kind  lately  came  under  our  notice,  an  apple  from  a  spitzenberg  tree,  one-half 
(at  least  as  to  the  surface),  spOzenberg  the  other  half  russet  A  tree  of  the 
latter  fruit  stood  about  200  yards  off.  Several  cases  of  this  sort  are  known, 
in  which,  as  in  this,  the  division  is  into  two  exactly  equal  parts  of  the  circum- 
ference, and  the  line  of  demarcation  abrupt.  This  is  quite  unexpected,  as 
the  Secretary  of  the  Smithsonian  Institution,  who  sent  us  the  fruit,  remarked ;  for 
as  the  styles  and  carpels  were  five,  we  should  have  expected  the  division  to  be 
into  fifths,  and  according  to  the  number  of  the  stigmas  which  were  acted  upon  by 
the  foreign  pollen.  It  is,  moreover,  to  be  noticed  that  the  action  of  the  pollen  in 
this  case  is  manifest  upon  what  is  morphologically  the  calyx,  not  upon  the  pericarp. 
The  apple  we  refer  to  was  grown  in  tiie  ordiard  of  William  Wicksham,  of  Wash- 
ington Co.,  Penn.  A.  e. 
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races,  or  distinct  but  closely  related  types,  in  very  early  tinUA, 
and  those  under  cultivation  have  themselves  varied  and  subdivide 
more  asd  more.     Finally,  SI.  Uccaisne  maintains,  seemingly  with 
got^d  reason,  that  to  combine  into  one  genus  the  Apple,  Pear, 
Quince,  Sorb  and  Slonnlain  Ash,  as  done  by  Linnvns  and  followed 
by  the  latest  authorities,  is  to  misconceive  the  laws  of  the  naiard 
system;  that  "to  unite  generically  these  plant  a,  which  iliffer  k  * 
the  character  of  their  wood,  the  vernation  of  their  leaves,  their  j 
inflorescence,  the  ffisiivation  of  the  corolla,  and  the  etractureof  ] 
tbeir  fimit,"  loeically  leads  to  the  combinatioD  of  all  Pomacta  idU   i 
one  genne.     He  accordingly  restricts  the  genus  Pt/ru»,  or  (re»t<»-   i 
ing  the  claBsical  orthography)  Pinm,  as  aid  Toamefort  and  JiU-  | 
sien,  to  the  Pear  proper.     To  the  organography  of  this  restricted   I 
genus,  from  the  wood  to  the  embryo,  a  full  chapter  is  devoted.    ' 
in  the  course  of  this  tbe  relative  systematic  vnlue  of  characlen 
observed    is    brought  out.     He  notes  that  the  vernation  of  tbe 
leaves  is  involute  in  J'^/niJi,  but  not  in    Cydonia,  J/enpifus  and 
Aria ;  that  the  cottony-leaved  varieties,  no  less  than  the  stnoeti    , 
ones,  are  glabrons  in  the  seedling  stage ;  that  all  varieties  of  tbe    ' 
common  Pear  blossom  at  Paris  whenever,  in  the  month  of  April, 
the  mean  temperature  reaches  about  10°  Centigrade,  without  per- 
ceptible    diflerence   between   the  earliest  and  the  latest-ripening 
varieties;    that    tbe  wslivation    of    the   corolla    la    convolute  io 
Cydonia,  but  imbricate  in  the  Pear,  although  ordinarily  quiiicon- 
cial  in  other  Pomactif  {but  in  the  two  diagrams  of  Pear-flowers  on 
Plate  A,  one  has  the  qnincuncial,  L  e.,  in  onr  view  typically  imbii- 
«ative  Kstivation  of  the  corolla ;  in  the  other,  there  is  only  one 
wholly  outer  and  one  inner  petal — a  combination  of  the  qulncaacia] 
.and    the   convolute  modes  which  oftpn  occiira,  but  which  need  not 
be  taken  as  the  type  of  imbrication) ;  that  there  are  two  types  a) 
to  size  of  the  corolla  in  the  common  Pear,  the  smaller  flowered 
type    comprehending  most  of  the  cultivated  varieties;  that  the 
■odor  of  Pear-blossoms  is  rather  disagreeable  than  otherwise,  in 
«ontra8t  with  those  of  Malue,  which  are  sweet-scented.     Moreover, 
the  anthers  in  the  Pear  genus  are  tinged  with  violet;  those  of  the 
Apple  genns  are  yellow. 

As  to  the  morphologv  and  development  of  the  gynscium, 
I>ecaiBne  reproduces  in  full  the  note  which  he  published  in  tbe 
I^tletin  of  the  Botanical  Society  of  France  in  1857.  From  hit 
investigation  it  appears  that  tbe  five  carpels  in  their  early  devel- 
opment are  free  and  distinct  in  the  concave  center  of  the  flower; 
that  at  a  later  stage,  when  the  concave  receptacle  has  become 
mach  deeper,  a  cellular  tissue  develops  from  its  base  and  inner 
&ce,  moulds  itself  around  and  over  the  carpels,  so  as  separately  to 
envelope  them,  except  at  their  inner  angle,  while  it  carries  np  the 
petals  and  stamens,  and  forms  the  pengynous  disk  upon  whieb 
they  are  inserted;  this  forms  the  core  or  central  part  of  the  flesh 
ti  the  fruit,  which  we  have  always  regarded  as  receptacle,  never 
lug  to  protest  agiiinst  the  still  prevalent  notion  (continaed  In 
'  '  ;  general  works),  that  the  cartilaginous  or  bony  '*  cells" 
''>c»rp.''     Bttt,  while   we  were   lUsposed  to  regard  tbe 
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whole  exterior  flesh  as  calyx,  Prof.  Decaisne  (no  doaht  correctly) 
regards  it  as  mainly  receptacle  or  axis, — an  hypanthium  which  in 
common  pears  is  largely  a  hypertrophy  of  the  peduncle,  after  the 
fiiwhion  01  Anacardium, 

In  the  proper  Pear  genus,  the  ovules  never  exceed  a  single 
pair;  this  should  therefore  enter  into  the  generic  character. 

"  Theophrastus  had  already  remarked  that  the  older  the  Pear 
tree,  the  more  prolific,  and  every  day's  experience  confirms  the 
justice  of  this  observation."  The  gritty  grains  or  lignified  cells 
which  are  so  abundant  in  the  flesh  of  many  sorts  of  pears  are  not 
wholly  absent  from  any  of  them.  To  them  is  due  the  roughish 
surface  of  the  skin,  as  contrasted  with  the  smooth  skin  of  apples. 
It  is  curious  to  remark  that  Meyen,  in  his  Pflanzen-Pathologie, 
considered  the  gritty  grains  to  be  a  disease  which  attacked  pears 
and  quinces. 

It  appears  that  pear-growers  are  able  to  produce  fruits  of  abnor- 
mal size  by  supporting  the  growing  pear  from  underneath,  instead 
of  allowing  it  to  hang  on  the  peduncle.  M.  Decaisne  has  seen 
JPoires  de  Livre  of  a  kilogram,  GoiUu-Morceau  of  600  grams,  and 
a  Chaumantd  of  700  grams  weight,  produced  in  this  way. 

The  testa  of  all  Pomaceous  seeds  is  smooth  and  more  or  less 
mucilarinous,  except  of  a  Photinia^  in  which  it  is  reticulated.  The 
cotyledons  are  accumbent  relative  to  the  rhaphe,  except  in  a  Pho- 
tinia^  Cotoneasier,  Pyracantha  {Cratoegus  lyracantha  Pers.),  and 
Mriobotrya^  in  which  they  are  incumbent.  At  first  there  is  a  thin 
layer  of  albumen,  which  disappears  at  maturity  of  the  seed. 

Pears  are  commonly  grafted  upon  a  Quince  stock.  But  it  is 
confidently  asserted,  and  generally  supposed,  that  there  are  more 
than  forty  varieties  which  absolutely  refuse  this  union,  and  which 
are  therefore  managed  by  surgrafting  upon  a  pear  stock  of  a 
proper  sort  which  has  itself  been  engrafted  upon  the  quince.  But, 
as  Pro!  Decaisne  remarks,  horticulturists  are  too  apt  to  generalize 
their  impressions  and  to  limit  nature  to  the  narrow  horizon  of 
their  own  practice.  Upon  the  first  trial  of  the  experiment  under 
his  own  observation,  he  succeeded  with  twenty  of  these  antipa- 
thetic varieties  without  the  least  difficulty;  but  some  (among 
which  are  the  Clairgeau  and  the  Bosc)  obstmately  refuse  to  unite 
with  the  quince  stock.  He  naturally  discredits  the  assertion  made 
by  Cabanis  and  by  Downing  (cited  by  Darwin),  that  when  cer- 
tain pears  are  grafted  on  the  quince,  their  seeds  produce  trees  of 
types  different  nrom  those  which  they  do  when  they  are  raised 
upon  a  pear  stock.  Decaisne  found,  as  already  statea,  that  peaiv 
seeds  produce  indifferently  new  varieties  in  any  case ;  that  these 
varieties  are  not  at  all  fixed  into  races.  He  regards  as  wholly 
unproven  all  the  assertions  that  the  fruit  is  ameliorated  or  in  any 
degree  altered  by  grafting  upon  a  quince  or  any  other  stock.  Hie 
records  a  very  exceptional  instance  in  which  the  antipathy  of  the 
pear  to  the  apple  as  a  stock  was  so  far  overcome  that  the  graft 
survived  at  least  six  years,  but  without  vigor,  and  bore  fhiit ;  still 
this  antipathy  coDfirms  the  generic  difference  between  Pyrus  and 
McUiu. 
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We  most  pass  over  the  sections  on  the  di§eaBeB  of  the  pear,  and    | 
the  piiraBitic  plaiits  and  insects  hurtftil  to  it ;  while  as  to  thai  un 
the  claBsification  of  the   pears  of  cultivation,   we    may  mention    | 
merely  the  conclusion,  which    itt,  that  a  natural  classificaiioR  of    j 
pears  is  thus  far  an   impossibility ;  and  that  in  practice  nothing    * 
better  can  be  done  than  to  follow  the  example  of  thi'  older  pomot    ! 
ogistH,  who  arranged  them  acconling  to  the  period  of  npeniu^    I 
A  general  list  of  the  adopted  names  of  the  published  varieties  of    ' 
cultivated  pears,  alphabetically  arranged,  fills  four  pages  of  the     ' 
volume.     A  list  of  tneir  synonyms,  in  which  each  is  referred  to  the 
adopted  name,  fills  over  12  pages  !     Then  follows  a  list  of  peaiV    i 
classed  acconling  to  the  period  of  maturing,  and  in  which  the  best 
varieties  are  designated.  \ 

Finally  comes  a  botanical  monograph  of  the  geiius  /^/nM,  with 
a  full  generic  character,  and  descnptions  and  figures  of  the  pjom. 
as  he  would  term  them,  considering  as  he  does  al!  known  forms  of 
the  restricted  genns  as  a  single  and  very  polymorphous  species. 

The  six  races  are;  1.  The  Celtic,  Ttimm  Annoricana,  of  three 
quasi-species,  P.  eordata,  BoiKsieriana  and  longipea.  2.  The  Ger- 
manic, Prol^  Cfermanioa,  or  Pi/rtu  communia,  iucluding  our  com- 
mon pears,  both  pear-shaped  anil  apple^shaped,  "  both  forms  being 
often  met  with  upon  the  same  tree."  Under  this  head  Prol 
Dccaisne  gives  some  interesting  pages  upon  the  history  of  the 
cultivation  of  pears  in  France,  which  oaimot  be  ancient,  and  of 
cider  (punr)  as  a  drink.  It  ai-ijears  that  it  took  the  place  of  beer 
in  thcTiorth  of  France  in  the  fifteenth  century  or  later,  and  is  now 
giving  way  to  wine  and  perhaps  beer  again  ;  and  that  pears  would 
■  nave  disappeared  before  this  from  a  part  of  Normandy,  were  it  not 
that  they  are  carried  in  imniense  quantities  to  ^temay,  lehere  they 
are  used  in  the  niauvfacture  of  champagne.  3.  The  Hellenic 
Race,  which  comprises  P.  pOTvtflora  and  three  other  eubspeeies. 
4.  The  Pontic  Race,  P.  mlicifolia  and  its  allies.  5.  The  Indian 
Race,  P.  Paahia  and  its  relatives.  6.  The  Mongolian  Race,  P. 
Sinensis  and  its  varieties.  As  one  turns  over  the  excellent  plates 
one  can  hardly  be  persnaded  that  such  extremely  diverse  forms 
can  practically  be  regarded  as  of  one  species. 

A  list  of  the  species  remanded  from  Pyrus  to  other  genera  shows 
that  the  result  of  our  author's  prolonged  and  sagacious  stud;  is 
to  increase  the  genera  about  as  much  as  he  diminishes  the  species  of 
the  Linniean  Pyrus.  a.  g. 

3,  Botanical  eupplement  to  the  fifth  Annval  R^ort  of  iht 
U.  S.  Geological  Survey  of  the  Territories  for  1871  ;  by  M.  Les- 
QDEREUX. — This  supplement  by  M.  Lesquereus  (prepared  in  May, 
1672)  contains  the  description  of  a  number  of  species  of  fossil 
plants  from  specimens  which  were  received  wheu  the  report  was 
already  in  print.  The  essential  points  marked  by  the  author  as 
resulting  from  the  examination  of  these  plants  are  as  follows: 

1st.  It  adds  to  our  list  of  fossil  species  of  the  Tertiary  20  new 
forms,  and  describes  21  others  known  already  from  the  Miocene  of 
Europe,  but  not  as  yet  observed  in  oar  Tertiary  flora.  The  num- 
ber 01  its  species  ia  thaft  incTea&e^L  Vi  %%V. 
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2cL  It  fixes  the  geological  horizon  of  three  localities  in  different 
stages  of  the  Tertiary  and  marks  the  location  of  a  groap  of  speci- 
mens of  as  yet  miknown  origin. 

3d.  It  more  distinctly  points  out  the  relation  of  some  important 
strata  for  ascertaining  contemporaneity  or  difference  of  ase. 

4tli.  It  indicates  more  positively  modifications  in  the  characters 
of  the  Tertiary  flora  of  the  North  American  continent,  according 
to  climatic  dinerences  at  different  degrees  of  latitude,  and  at  the 
same  time,  it  recognizes  identity  of  the  characters  of  this  vegeta- 
tion at  wide  distances  under  the  same  latitude. 

6th.  It  shows  a  more  intimate  relation  between  the  present 
flora  and  that  of  the  Tertiary  by  the  discovery  of  new  types  iden- 
tical in  both. 

This  relation  is  especially  indicated  by  the  fossil  plants  of  Green- 
River  station,  which  from  their  more  recent  facies  are  referable  to 
the  Upper  Miocene.  Among  species  of  ScUix^  Myriea,  Ikx^  and 
HhiiSy  whose  representatives  are  intimately  related  to  species  of 
our  time,  the  fossil  flora  of  Green  River  has  an  Ampelopsis  and  a 
jSforus  which  by  their  marked  afSnity  indicate  in  the  Tertiary  the 
ori^n  of  our  now  so  predominant  and  widely  distributed  Vir- 
ginian Creeper  and  Red  Mulberry. 

ITL   Astronomy. 

1.  Mements  o/Alceste;  by  Prof.  C.  H.  F.  Peters.  (Editorial 
Correspondence,  dated  Litchfield  Observatory  of  Hamilton  College, 
Clinton,  N.  Y.,  Nov.  9,  1872). — The  following  elements  of  Alceste 
(124)  have  been  computed  from  observations  of  Aug.  23,  Sept.  22, 
Oct.  21 : 

Epoch:  1872*0  Berlin  mean  time. 
Mo=    22°  28'  l"-94.  9=4°  26'  58"-80. 

n=346    69  47-82-|-50"-236,  ^.  ;i=834"-47. 

Q  =  186    19   39-664-52 -673,  t.  log  a=  0-419063,  t, 

t=      2   66  47"48— 0'455,  ^ — counting  <  in  Julian  years  from 
1872-0. 

IV.   Miscellaneous  Scientific  Intelligence, 

1.  Analysis  of  the  Meteoric  Iron  of  Los  Angeles^  California ; 
by  Dr.  C.  T.  Jackson,  State  Assayer  of  Massachusetts.  (Communi- 
cated to  one  of  the  editors). — ^Having  received  from  Mr.  E.  N. 
Winslow  a  slice  of  the  recently  found  meteoric  iron  of  Los  Angeles, 
I  have  made  a  chemical  analysis  of  it,  which  I  now  communicate  to 
you.  The  original  mass  is  stated  to  have  weighed  80  lbs.  The 
slice  I  received  weighed  30  grams.     Its  specific  gravity  is  7 '9063. 

It  shows,  when  acted  upon  by  dilute  nitric  acid,  mnumerable 
scales  of  Schreibersite,  but  not  the  usual  figures. 

In  the  chemical  analysis  I  found  in  the  insoluble  matter,  on 
reduction  by  blowpipe,  a  minute  globule  of  tin.  The  iron  was 
separated  by  succinate  of  ammonia  and  the  nickel  by  pure  potassa. 
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The  following  are  the  reaulU  of  the  analjus  per  cent. 

Metallic  iron, 80.74 

Metallic  uickel, 15.73 

Metallic  tin, - 0.01 

PhoBpbonis  and  otbcr  undetermined  mattera, 3'53 

lOO.OO 
This  analysis,  althongh  not  quite  complete,  shows  I>eyoDd  doubt 
the  meteoric  nature  of  the  Lob  Angeles  iron. 
Boston,  Sept.  36,  187S. 

2.  Tables  and  DiagraniB  relaiitig  to  iion-ct»iden«inff  J^gina 
and  Boilers  ;  by  W.  P.  Tbowbridgk,  Prof,  of  Dynamic  EogineiT- 
ing,  Sheffield  Scientific  School  of  Yale  C'<)tlege, — This  publication 
gives  the  results,  in  tables  and  diagrams,  of  a  laborious  and  costly 
series  of  experunentB  mode  at  the  Novelty  Iron  Works,  New  York, 
during  the  time  when  I*rol  Trowbridge  was  Vice  President  of 
the  Novelty  Iron  Works,  to  determine  pracdcally  the  expenditura 
of  steam  for  different  degrees  of  expansion  in  the  non-condennng 
engine.  The  experiments  occupied  Heveral  months,  and  were  made 
with  an  engine  and  apparatus  constructed  especially  for  the 
purpose. 

An  extended  list  of  engines  is  piiblishe<l,  crubraoing  powers 
from  5  horse-power  to  350"  horse-power,  amounting  in  number  to 
over  1000,  ana  embracing  all  combinations  of  pressure  of  steam, 
speed  of  revolution,  and  degree  of  expansion.  For  each  engine 
in  the  list  the  amount  of  water  or  steam  required  per  hour  for  each 
horse-power  is  given  and  also  the  total  expenditure  of  ateam  per 
day,  and  the  cost  of  the  power  per  year. 

Corresponding  with  this  list,  a  table  of  steam  boilera,  is  given  with 
the  amounts  of  water  which  each  boiler  will  evaporate  in  one  hoar, 
A  discussion  of  the  questions  of  horse-powers  of  boilers,  and 
of  boiler  explosions,  safety  valves,  t&c,  is  added.  A  new  and 
very  simple  improvement  to  the  skfety  valve,  suggested  by  the 
author,  is  also  given. 

The  work  throughout  is  intended  to  be  practical  but  at  the  same 
time  it  adds  to  existing  knowledge  of  the  subjects  discussed  the 
results  of  the  latest  reliable  experiments. 

3,  Bloxam  (Chas.  Loudos)  ;  Chemistry,  Inorganic  and  Or- 
ganic, with  Keperimeiita.  Second  Edition  (American  reprint). 
Lindsay  Sa  Blakiston.  Philadelphia,  1872.  8vo,  pp.  SSH.— 
Bloxam^s  Chemistry  has  been  a  familiar  and  valued  laboratory 
and  lecture-room  companion  for  several  years.  The  present  edi- 
tion (July,  1872),  differs  from  its  predecessor  in  being  adapted  to 
die  atomic  notation,  which  has  required  a  considerable  recast  of 
the  old  text.  The  illustrations  of  apparatus  are  very  good, 
embracing  many  which  are  original  with  the  author.  The  teacher 
finds  on  almost  every  page  some  experimental  suggestions  which 
enable  him  to  give  force  and  attractiTeness  to  his  prelectioni. 
The  text  is  written  in  simple  language,  as  devoid  as  posBible  of 
technicalities,  and  designed  to  lead  the  learner  on  by  easy  stepi 
'~  1  knowledge  of  chenuc&l  principles.    The  author's  position  as  a 
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lecturer  in  the  Royal  Military  Academy  at  Woolwich  has  very 
properly  led  him  to  give  more  than  usual  prominence  to  those 
subjects  which  are  of  interest  to  the  military  student,  as,  combus- 
tion and  fuel,  gunpowder,  gun-cotton  and  other  explosives,  the 
process  of  bread  making,  glass,  pottery,  the  chemistry  of  building 
materials,  and  kindred  subjects. 

4.  Report  of  the  Mt,  Uhiache^  Oldham,  and  Renfrew  Gold 
Mining  Districts,  with  Plans  and  Sections ;  by  Henry  You  lb 
Hind,  M.  A.  Made  under  instructions  from  the  Hon.  Commissioner 
of  Public  Works  and  Mines.  62  pp.  8vo.  With  maps  and  sec- 
tions.    Halifax,  N.  S.,  1872. 

6.  Astronomical  Engravings,  by  tJie  Observatory  of  Harvard 
College. — Fourteen  plates,  announced  on  page  243  as  m  course  of 
reparation  for  publication,  have  been  issued.  They  are  views  of 
upiter,  craters  of  the  moon,  the  sun's  protuberances,  the  sun  in 
the  total  eclipses  of  August,  1869,  and  of  December,  1870,  etc.; 
and  are  very  beautiful  The  series  will  consist  of  thirty  plates. 
Subscriptions  are  solicited ;  the  charge  for  the  series  is  ten  dollars. 

OBITUARY. 

John  F.  Fbazeb,  Professor  of  Natural  Philosophy  and  Chemis- 
try in  theUniversityof  Pennsylvania,  died  on  the  12th  of  October, 
in  the  sixty-third  year  of  his  age, 

Pro£  Frazer  was  born  in  1809  in  the  vicinity  of  West  Chester  of 
this  State.  His  grandfather.  General  Persifor,  took  a  prominent 
part  in  the  leadership  of  the  American  Revolutionary  troops  at 
the  battle  of  Brandy  wine.  In  his  early  youth  he  attended  the 
celebrated  military  academy  of  Captain  Parrott,  and  here  acquired 
the  military  taste  that  clung  to  him  through  life,  which  exhibited 
itself  in  his  membership  for  a  long  time  of  the  1st  City  Troop. 
He  marched  with  this  organization  to  suppress  the  riots  of  M4 
in  this  city,  and  also  was  present  as  a  soldier  in  the  celebrated 
**  Buck-shot"  war  at  Harrisourg.  He  was  educated  and  graduated 
in  the  institution  whose  chair  of  physics  he  so  nobly  tilled  for 
thirty  years.  During  his  student  days  he  was  the  favorite  scholar 
of  ]>r.  Samuel  Wylie,  professor  of  Latin  and  Greek  in  the  old  uni- 
versity, and  spent  some  time  in  his  family  after  graduation.  He 
assisted  Dr.  Robert  Hare  in  the  laboratory,  and  subsequently  be- 
came a  most  intimate  friend  and  valued  companion  of  that  distin* 
fuished  contemporary  and  rival  Prof.  Silliman,  of  Yale,  the  two 
eing  the  most  illustrious  chemists  of  their  day.  At  the  same  time 
Prof.  Frazer  was  also  the  assistant  of  Prof.  Alex.  Dallas  Bache,  of 
the  Coast  Survey,  during  his  observation  at  the  then  new  physical 
observatory  for  magnetic  phenomena  at  Girard  College.  In  both 
these  instances  he  was  a  voluntary  assistant. 

In  1836  he  became  the  assistant  of  Professor  Henry  D.  Rogers, 
one  of  the  first  geologists  of  the  country,  and  Professor  Booth,  of 
the  Mint,  in  the  geological  survey  of  Pennsylvania,  ordered  by  the 
Legislature.  Professor  Frazer  resigned  this  position  as  First 
Assistant  State  Geologist  after  one  vear,  and  then  took  up  the 
study  of  law  in  the  office  of  Hod.   Wm.  M.  Meredith.    Having 
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ooncliided  his  law  Btudies,  he  realized  the  cherished  dream  of  hit 
youth  in  his  elevation  under  the  regime  of  Provost  Ludlow  to  the 
chair  of  natural  philosophy  and  chemistry  in  the  academical 
department  of  his  Alma  Mater.  This  position  he  filled  with  the 
hisheat  honor  to  his  college  and  to  himself  for  over  thirty  years. 

Soon  after  asstimine  the  gown  of  the  professor,  he  became  the 
able  editor  of  the  weU-kDywii  scientifiu  Joumat  of  the  Frankiin 
Institute.  He  resigned  his  editorial  duties  in  1BB6  in  consequence 
of  ill  health,  and  crossed  the  ocean  for  a  two  years'  tonr  on  the 
GontinenL  He  reaided  in  Naples  fur  the  first  year,  and  then 
traveled  extensively  until  he  returned  to  his  college  duties  in  the 
Bommer  of  1868,  Professor  Morton,  now  president  of  the  Holxikea 
Institute,  having  occupied  his  chair  while  away. 

Professor  Fraaer's  study  was  the  center  of  physical  science  in 
the  city,  and  was  the  rendesvons  for  the  most  distinguished 
scientists  in  this  and  foreign  countries  when  they  visited  Pfailad^ 
phia.  He  was  known  thi-oughout  Europe  by  his  constant  wntiogs 
as  most  accurate  in  science  and  universally  learned  in  his  depart- 
ment. He  was  a  member  of  the  Academy  of  Natural  Sciences 
of  this  city,  and  also  one  of  the  four  secretaries  of  the  mother 
society  of  science  in  this  country — the  American  Philosophical 
Society  of  this  city. 

Althoiijih  holding  the  uhair  of  chemistry  iind  iiiitural  philnsopliy, 
his  favorite  science  was  that  of  mathematics  as  applied  to  mechanics. 
This  branch  brought  out  his  close  study  and  keen  appreciation  of 
all  the  basic  laws  of  mechanics,  and  raised  him  to  a  deservedly 
high  rank  as  a  transcendental  mechanician. 

Professor  Frazer  had  a  remarkably  genial  disposition,  was  full  of 
life  and  humor  among  his  fellows,  and  though  brusque  in  manner 
and  decided  in  his  intercourse  with  his  pupils,  he  was  generally 
liked  by  all  who  came  in  contact  with  him.  He  was  bold  and 
outspoken  in  all  his  feelings,  being  an  ultra  Democrat — in  its 
original  sense — in  his  principles.  His  self-sacrificing  spirit  was  a 
remarkably  noticeable  point  in  his  character,  and,  in  addition  to 
the  respect  and  confidence  which  his  great  learning  compelled, 
gained  him  the  love  of  all  whom  he  could  benefit  in  his  walk 
through  life.— TAe  Prens,  Philadelphia,  Oct.  14. 

Notes  of  an  Omitbulogical  Reconnoiassnce  of  portions  of  ITan^^m,  Colot*dii^ 
Wyominjt  and  Dtah ;  by  J.  A.  Allen.  12  pp.  Bvo.  July,  1BT2.  Being  No.  6,  vd. 
Ill,  of  the  Bulletin  of  the  Uuseum  of  OomparatJTe  Zoology  at  Har^n]  Ca11«ga, 
Cambridge,  Uasa. 

Problem  of  Rotary  Motion  presented  by  the  Gyroecope,  the  Procesaion  of  thii 
Equinoxes  and  the  Pendulum,  by  Brevet  Maj-Gen.  J.  G.  Barnard.  i6  pp.  Svo.  No. 
340  of  the  SmithBODian  Contributions  to  Knowledge. 

Intertnembral  Homologies.  The  Correspondence  of  the  Anterior  and  Posterior 
Limbs  of  Vertebrates;  by  Burt,  G.  Wilder,  M.D.,  Prof,  Comp.  Anat.  and  Zool  in 
Ooraell  Univ.,  Itbaca,  N.  Y.  B8  pp.  Svo.  Trom  tbe  Prooeedinga  of  the  Boston 
fioc  Nat  Hist.,  voL  liv. 
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ERRATA. 

Tol.  ii,  p.  1S0,>r  "  (near  Chatham  Four-cornera] "  rtod  "  (aear  OalesTille,  Vub- 
ington  Co.,  N.  Y.)." 

VoL  \v,  page  63,  8th  line  fVom  top,  /or  "particularly"  rtod  "partially." 
"        "  133,  last  line.^r  "J/asWAmanriy*,"  read  '•  Tmixenta  anofi." 
"        "  186,  line  18  from  top,  for  diitrict  read  diatmet 
"        "  242,   "     10    "       "    for  tiUed  read  «a«t 
"        "  323,  20  lines  from  bottom,  for  "very  nnall"  read  "narrow." 
"        "     "     13  lines  from  boCtAm,  for  "but  Btb"  read  "sir." 
"        "  370,  IS  lines  from  foot,  before  "Trenton,"  insert  "Quebec" 
"        "  389,  line  10  from  top,  for  ventmi  read  nodaU 
"       "    "       "  12         "       for  DT,  read  UT,. 
"        "  lei,      "9  "for  BOO  read  300. 


APPENDIX. 


Summation  of  Series  by  Approximative  Fractions. 

By  R  J.  Adcock. 

[IS  method  of  summation  of  series  consists  in  putting  the 
J  into  a  continued  fraction  by  common  algebraic  division, 
.hen  finding  its  approximating  fractions  until  one  is  found 
b  gives  the  sum  of  the  series  either  approximately  or 
3ly. 

•^  Find  the  sum  of  the  series  a  +  ar  -h  ar^  -f  ar'  +  &c. 

•+ar*+ar^+&c.)  1  (- 

l+r+r^+r*+&c.  , 
— /    a 

a+ar+ar'+ar'+&c}    ^ 

no  remainder. 

len 

•  .     ji  .  0         a-\'ar-\'a7^-\-ar^'\-  &c         1  a 

r+ar+ar'-f  &c.  = z ' 


1  1,1     1-7-' 

— r  - 
a    a 

r 

h  is  the  entire  sum  of  the  series  and  the  exact  algebraic 
39sion  from  which  it  is  derived.  To  find  the  sum  of  n 
3,  it  is  to  be  observed  that  beginning  with  the  (n4-l)th 
the  series  is  ar'^-\-ar^'^^-\-ar'^'^^-\'  &c.  =  by  the  same  process, 

Hence  a-^-  ar  ■\'  ai^  ■\'  ar^  ■¥  ,  ,  ,  .  ar*'^  = 


ar^ 


1  1-/ 


-1 


—  ar" 

dT**        ai  1 — v^\ 

—  ^ —  =  -^^ '',  the  common  formula  for  the  sum  of  n 

1—r         \  —  r 

s  of  a  geometrical  series. 

le  superiority  of  this  method  of  summation  over  others  is: 

rst,  its  comparative  simplicity,  on  account  of  which  it  is 

hy  of  a  place  in  common  algebra. 

cond,   it  is  more  generally  applicable  than  any  method 

7ii  to  me. 

lird,  the  facility  with  which  it  gives  the  entire  sum  of  a 

5  when  capable  of  being  expressed  in  finite  terms,  and  the 

lity  with  which  it  approximates  to  the  sum  of  those  capa- 

>f  being  expressed  only  approximately. 
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ERRATA. 

Vol.  ii,  p.  180,>r  "(near  Chatham  Four-comers)"  read  "  (near  Galesville,  Wash- 
ington Ca,  N.  Y.V 


Vol  ir,  page  53,  8th  line  from  top,  for  "particularly"  read  "partially." 

123,  last  line,  for  "  Mastodon  anceps^^^  read  "  Tinoceraa  ameqpe}^ 
185,  line  18  from  top,  for  district  read  disHncL 
242,   "     10    "       "    ioT  tUied  TeA^  siUed, 
323,  20  lines  from  bottom,  for  "  very  small "  read  "narrow." 
"    13  lines  from  bottom,  for  "but  five"  read  •*8ix." 
370,  19  lines  from  foot,  before  "Trenton,"  msert  "  Quebec" 
389,  line  10  from  top,  for  ventral  read  nodoL 

"  12         "        for  UT,  read  UT,. 
451,     "    9         "        for  500  read  300. 
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APPENDIX. 


Summation  of  Series  by  Approximative  Fractions, 

By  R  J.  Adcock. 

This  method  of  summation  of  series  consists  in  putting  the 
series  into  a  continued  fraction  by  common  algebraic  division, 
and  then  finding  its  approximating  fractions  until  one  is  found 
which  gives  the  sum  of  the  series  either  approximately  or 
entirely. 

Ex,  Find  the  sum  of  the  series  a  +  ar  +  ar^  -f  ar^  +  &c. 

a+ar+ar*-f  aH'+Ac.)  1  (- 

l+r+r2+r«+&c/^ 

— ■ /    d 

— r— r*— r*— &c.)  a  +  ar+ar*-har*4&c.l— - 

a+ar-\-a7^-\-a7^-\-&c,      ^ 

no  remainder. 
Then 

.      <  .    -J  .  B         a-har-hai^-\-ar^+  &c         1  a 

1  11     1— -r 

-  -r  - 
a    a 

r 

which  is  the  entire  sum  of  the  series  and  the  exact  algebraic 
expression  from  which  it  is  derived.  To  find  the  sum  of  n 
terms,  it  is  to  be  observed  that  beginning  with  the  (9i4-l)th 
terra,  the  series  is  ar^-\-ar^'^^-}-ar^'*'^+  &c.  =  by  the  same  process, 

Hence  a  +  ar  +  ar"  -f  ar*  +  .  .  .  .  ar^"^  = 


ar^ 


I  1  l~r 


+ 


M-l 


ar^     —af 

a  ar^        o\  1  ~~  ?*'*'^ 

r ., —  =  -~ \  the  common  formula  for  the  sum  of  n 

1  —  r      1 — r  1  —  r 

terras  of  a  geometrical  series. 

The  superiority  of  this  method  of  summation  over  others  is : 

First,  its  comparative  simplicity,  on  account  of  which  it  is 
worthy  of  a  place  in  common  algebra. 

Second,  it  is  more  generally  applicable  than  any  method 
known  to  me. 

Third,  the  facility  with  which  it  gives  the  entire  sum  of  a 
series  when  capable  of  being  expressed  in  finite  terms,  and  the 
rapidity  with  which  it  approximates  to  the  sum  of  those  capa- 
ble of  being  expressed  only  approximately. 


AppfftrUx. 


EqailUrrium  of  a  fluid  mass  in  ihe  form  of  an  eltipaaid  J 
aliout  its  shnrler  axia ;  by  B.  J.  Alt-OPK. 

A  FLUID  mass,  in  the  form  of  uu  ellipsoid,  rotating  about  ib 
sHortest  axis,  under  tbe  ixitiuii  of  the  nltnictiou  uf  ita  ovn  ptr* 
tides  anil  their  centrifugal  forces,  ift  in  eC|uilibrium:  imldii^ 
is  the  only  form  of  etiailibniim. 

Iti  my  work  on  gravitation,  und  iii  u  paper*  pranenud  u 
the  Dubuque  meeting  of  tbe  American  Assoriation  for  lie 
Advancement  of  Science,  it  i^  shown  tiial  tho  elli|woJ(]  ut  a  Einn 
of  equilibrium,  and  the  expression  found,  for  tbe  force  ninj 
point  of  its  surfaca  It  remains,  then,  only  to  demonfitrab!  tin 
laat  part  of  tbe  proposition,  thiit  the  ellipsoiflul  form  U  the  orfy 
one  of  equilibrium,  under  the  given  conditions. 

The  proof  of  this  depends  upon  two  propositiona. 

First  The  attractions  of  two  similar  oodiea  for  any  tiro  at- 
terior  points  similarly  situated,  are  as  their  similar  diraeanosl, 
and  consequently  as  the  distances,  of  the  attracted  points  fhai 
the  centers  of  the  attracting  bodies. 

Second.  Ellipsoidal  shells  which  have  their  outer  and  inner 
surfaces  concentric,  similar,  and  similarly  placed,  are  the  oal)' 
ones  which  have  their  attractions  for  an  interior  point 
This  follows  from  formula  (1)  of  Gravitation,  and  the, 
tion  that  these  shells  are  the  only  ones  which  have 
,  through  them  in  opposite  directions  from  any  point  .. .. 
as  is  shown  in  proVlcm  4th,  page  211,  Senate  House 
by  Ferrer  and  Jat-kson,  Cambridge,  1850. 

Then  when  anv  rotating  fluid  mass  is  in  equilibriam  lader 
the  attractions  o^  its  own  particles  and  their  centrifuol  fcnni 
any  one  of  similar  figure  and  same  density  and  rotabiw  in  tte 
saiue  time,  is  also  in  equilibrium.  For  the  ratio  and  duscAioiu 
of  the  attractions  and  centrifugal  forces  are  the  eame  teWk, 
and  therefore  their  resultants  as  their  similar  dinMrnioH- 
Hence,  if  the  le**  one  be  enveloped  by  a  shell  whicli  il  Ae 
difference  of  tlie  two,  the  entire  figure  thus  formed,  wfaodl  i* 
every  way  equal  to  the  greater,  will  be  in  equilibriam.  HsDiK, 
the  attraction  of  the  envelo])ing  shell  has  no  effect  on  the  iBle- 
rior  ma.os,  a  property  just  shown  to  belong  only  to  the  cUip 
soidal  shell  whose  outer  and  inner  surfaces  are  concentric,  riai- 
lar,  and  similarly  placed.  Hence,  the  ellipsoidal  form  ia  die 
only  one,  under  the  given  conditions,  of  equilibrium. 

*  This  paper  anil  Ihc  one  presented  at  the  Duhuque  meeting  of  the  Anerkn 
Associatiac  nrc  to  be  iniiertcd  in  my  work  on  Gravitation,  wliich  will  thon  canUin 
the  only  correct  foruiula  ever  pulilislicci  tor  determining  the  figure  of  the  earth  <w 
the  liypi)thesls  of  Itiiidity,  whcttier  timt  fi^ra  be  an  ellipHoid  of  three  uncquii' 

Lenoi,  Warren  County,  t\lui(A»,Se¥l..\lt.li,  1872. 
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